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PREFACE. 



I.VE endeavoured to tell tlie etory of the- 
so that its past history helps to explaiu 
isent condition. 

tlanations are given of the natui'e of the 

m materiala which form rocks, of the waya 

'hich they rest upon each other, and of the 

ineans by which they may be distinguished. 

, The story of the Eiirth ia divided into epochs 

! I, by layers of rock which rest on each other and 

~ie to the surface of the visible land, and to 

.e floor of the ocean. 

Geological time cannot be defined in years. 
The time occupied by an existing liver like the 
Rhine or the Niagara rivor, in excavating the 
irgB through which it flows, dates back beyond 
le antiquity imag ned for man by historians. 
Yet this incident in sculpture of the Earth's 
surface is subsequent to the newest of the re- 
r" gular layers of lock. It is tonvenient to forget 
I, the human standard of tiuie, anil think of & 
^> period of geological time as the age when some' 
I rock, such as coal, accumulated, or when 
extinct plant or animal was domiiiaut on the 
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by which each period of by-gone time ia dia- 
tinguished, 

I. Many kinds of animals, which still livi 
date back to the beginning of the Earth's atory 
or to an early period. 

II. Many groups of animals, Buch as Trilobiti 
or Ichthyosaurs, endured on the Earth for Ion 

feological ages, varied in form and atruclure, an 
ecame extinct auccessively, leaving no survivo 
The life which now exists on the Earth is 
survival of ancient types of life known froi 
fossils, which have undergone substantially n 
change since first they became known in th 
rocks. They are associated now with groups 
like the Mammalia, wliich are changing rapidly 
The diversity of mammal orders in structure i 
the skeleton, is not ualike that which the anciei 
Saurians put on before they became extino 
Animal orders which vary rapidly last for 
relatively short time. 

I have used some scientific names of thei 
fossils in the story of the Earth, since nami 
give the easiest identification for fossils as ft 
our fellow-men. The characteristics or lives i 
fossil animals and of living men give interesl 
to their names. Practical knowledge of fosaili 
ensures this enduring interest, and is gained b 
collecting them in the sea-cliff, quarry, or p' 
and by comparing such specimens with nami 
examples in museums, 

H. G. Seeley. 

Kensinqton, \V,, 
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THE STORY OF THE EARTH. 



CHAPTER I. 

INTRODUCTION. 



l\ The building uf t.lie surface kyeis of tho Esuth 

■ is recorded in I'Otk nrnteriala, wliicli are ao- 
cumulated ujion each other. But there is iio 
trace of a beginning to their story of the Earth's 
history. In the remotest period of past geolo- 
gical lime of whicli evidence has been found, the 
earth was inhabited by types of animals, some of 
which still survive. There is no evidence that 
the most ancient animals which have been dis- 
powred, were the fii'afc that existed; or that the 
oldest rocks at present known, mark the beginning 
of geological records. It is as unprofitable to 
enquire for evidences of the origin of the earth, 
as it is to ask for proofs of the mode of origin 
of the life which has flourished upon it. 

Because the earth is a planet we may assume- 

'- that it had a similar history in its origin to 
some of tlie heavenly bodies. The light which 
comes to the earth from the most distant stars in 

t the universe, proves, when analysed, tu \'^K!i^. 

I from the incandescence oi eVeTGcnXa "wVwXv 



mostly identical witli those found in the earth. 
The small masses of matter, termed mt'teoritee, 
which fall from, time to time to the earth's surface, 
consist of iron and other metals, and of minerals 
like those which combine to form crystalline 
rocks. The forces which act on the earth are 
like those roamfeated in other heavenly bodies. 
If the Eiirth's surface is not incandescent, as 
in the luminous stars, its interior demonstrates 
in many ways an internal heat, which has played 
an important part in its history. So that, with 
the matter and force substantially the same, there 
is some justification for the old definition of 
geology as that department of astronomy which 
teHa the story of the Earth. 

The geological story differs from that told by 
the astronomer in giving results of unceasing 
action of the forces of nature upon the rock 
materials of the globe. They have wurked during 
a time which is immeasurably long, when eati- 
matfd by such changes on the earth as have .j 
happened during human history. This 1 
cannot be expressed in cent' ne>'. The work C 
rivers in carving channels upon the existing 6 
face of the earth has been computed at froi 
15,000 to 30,000 years, in the case of the Niaga 
river, without reaching the age when tlie nci 
layers of the globe were deposited from the s 
This stupendous duration of time haa 1 
about revolutions in the positions of ocef 
continents ; in the types of life which we 
dominant on the earth, as well as in the distril^i 
tion of life over the globe, and in the successidj 
of different kinds of life in the same region r 



Buccessive ages, whioh would be incredible l 
for the evidence of fossil animals and existi _ 
aidmals "whicb are everywhere around us. Theao 
changes have come about, not as result of catas- 
trophes which hiive destroyed the fair surface o£ 
the land and ita Hfe, but as parts of the order of 
nature, aud as conditions of that stability of ] 
government of the world by which the creations; ' 
of earlier times have been preserved, and passed j 
on from one geological age to another to a 
at the present day. 



On various parta of the glc 
been found which vary in weight from n few ] 
ounces to a few tons. Examples of 400 of tliem ( 
are preserved in the British Museum. Some I 
have been seen to falL It may therefore be i 
inferred that ever since the earth has been in 
existence it has proljably received such addi- 
tions of material. Meteorites however do not I 
demonstrate that the earth has been huilt up of 
meteoric matter ; but they are the only clue of j 
a practical kind to the origin of the glooe, which ' 
the geologist encounters. 

The iron in meteorites is metallic, uauaUjr 
combined with nickel. In the earth iron is 
rarely metallic, and rarely crystallized with nickel. 
Minute particles of metallic iron are present in 
the volcanic rock named Basalt, which has flowed^ 
over the north of Ireland. Iron is found com-T 
bined with nickel in the Van mine in Denbigh- ' 
shire. The percentage of nickel in the irraa.- 
varies in different localities. T\iBTa \a wi^ ow 



i 



THB STOItY OF THE KARTH. 



two per cent, of nickel in the groat luaaaes of 
irou, Bometimea weighing 50,000 Ifia., embedded 
Basalt at Ovifak in Disco Island, on the west 
of Greenland. An alloy of these metala foiuid 
in New Zealand, yields 67 per cent, of nickel. 
Both are regarded aa of terrestriiil origin. 

Althongh the mineral quartz Ja one of the 
most abundant constituents of aurface rocks, no 
true quartz has been recognised in any meteorite. 
But a rare mineral, aamanite with many of the 
properties of <iuartz occurs, which somewhat 
resembles the variety of qunrtz found in some 
volcanic rocks, which has been distinguiahcd 
under the name tridymite. 

About t«n rare minerals are met with in 
meteorites which have never been recognised 
in the rock materials of the globe. 

On the other hand, earthy meteorites have 
yielded many of the cotiatituenta of volcanic 
and crystalline rocks. 

Two kinds of felspar — named Jabradorite 
and anorthite — have been recorded in meteoritesj 
and such minerals as Augite, Bronzite, Enstatite, 
Olivine, which upon the earth are often com- 
bined with (he felspars in mineral union to form 
crystalline rocks. But the facts are too few and 
too obscure to do more than stimulate interest 
in the relation of the earth to the bodies among 
which it moves. 



CHAPTER 11. 



THE KARTIIS 

The earth has an internal heat of its own, which 
IH not derived from the sun. The temperature 
of the outer surface iayer varies with summer 
and winter. In Java and India at a depth of 
12 feet the thermometer is constant all the year 
round. In London and Paris an unvarying tem- 
perature occurs at about 100 feet below the earth'* i 
surface. The earth's heat begins to increase below 
this variable surface layer, though the rate of in- 
crease differs with the kinds of rock passed 
through, and with the locality. It averages 
one degree Fahrenheit for every 55 feet of 
depth. 

In the famous Artesian well at Crenelle near 
Paris, the water rose from a depth of 1794 
English feet, with a temperature of nearly 82° 
F. The deep boring at Sperenberg near Berlin 
appears to show an increase of 1" P, in 4:2 
feet at the depth of 1000 feet; 1° F. in 57 
feet, at 3000 feet; at 1° P. in 95 feet, at 3000 
and 4000 feet. From these facts the inference ■ 
has been made that temperature does not aug- 
ment appreciably below a moderate extorrikl 
thickness of cock. 

The difference between the surface temperalure 
and the interior temperatui e, results from the loss 
of the earth's iuterual heat by radiation. On this 
circumstance attempts have been made to estimate 
the dorutioa of geological time, " 
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THE STORY OF THE EARTII. 

the amount of heat which tho earth radiates from 
ite surface in a year, Lord Kelvin has coticliidod 
that in a period of 20,000 milliona of years, more 
than eDOU<>h heat would have been lost to melt 
the entire bulk of the earth, if the rate of loss 
had been always what it is now, and if the earth 
had consisted tbronghout of the same inaterialB 
as its surface rocks. This is the time which tho 
physicist conceives as [lossihle for tho earth's 
origin and history. Sir John Herschel had 
doubted the primitive fluidity of the earth. 
It is perhaps possible that the hoit which the 
earth loses may not be the original heat of an 
igneous fusion, but the result of strain due to its 
rigid state. It rotates so that its surface ex- 
periences the lifting infliience of tidal attraction 
which reduces the pressure, although the amount 
is too small to disturb the stability of its surface. 
By the conversion of this attraction of gravitation 
upon its outer layers into heat, at a depth from 
the surface sufficient to ensure that the heat so 
generated could not be radiated in a day, a store 
of heat might accumulate near to the surface of 
the globe. The most ancient rocks give no evi- 
dence of greater internal heat, or of greater re- 
frigeration of the earth, or of tidal action upon 
its surface having been in any way different from 
what it is now. 

The greatest depth at which the fractiu-es and 
dislocations, termed eai-thquakes, arc known by 
actual measm^ment to originate, is about 30 
miles. It has also been calculated that a heat 
sufficient to melt granite might occur at a 
depth of 20 or 30 miles. This is thr — ' 
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tends its ^H 
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to which geological theory ex I 
rences. 

Attempts havo been made to calculate the 
^M-eBBUre under which maasea of granite in moun- 
tain chains have consolidated. In some caaes 
the crystal structure appeai-s to indicate a anper- 
iiicumbent pressure equal to no more than 15 
miles' thickness of rock, though the pressure was 
profcably lateral 

The materials ejected from volcanoa give no 
indication of having ascended from more than 
very moderate depths. The molten matter of 
lava streams does not appear to be the primi- 
tive substance of the earth's interior. That 
heated material might be rendered liquid by 
fractui'es which penetrate downward so aa to 
remove the pressure which keeps the heated 
rock solid. It is thus manifest that some cause 
generates heat near to the earth's sui-face, which 
la associated, with the crumpling of the earth's 
outer layers, with the changed distribution of 
level of land from age to age, and with the 
phenomena of volcanic activity. 

This cause is believed to he the cooling of the 
earth; by which the shrinkage of the deeper 
layers crushes the up^jer layers together, cramp- 
ling them into folds which are directed alter- 
nately upward and downward. Aa these folds 
are crushed closer together, the mechanical energy 
of compression, reaisted liy the rock material, 
becomes converted into heat along the linos of 
most intense squeezing. 

The directions of theae folds change from age, 
to age in geological time ; for every la.\\A, Wio»!*iS 
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i of rock which extend through it in 
directions which were once approximately 
parallel to its shores. 

e late Mr Robert Mallet believed that the 
BTgy of volcanic eruptions was developed by 
Bse compressions of the crust. Ho also urged 
lat the lateral pressure exerted by the sides of 
1 arch of continental land upon its supports 
rould result in crushing along the lines of 
eatest weakness ; and calculated that the 
mperature may he raised locally in this way to 
red heat, or even to the fusing point of the 
acky materials which are criiahed. This heat, 
Nrhich is produced locally, he believed to be con- 
Hmed locally, and to be the aourcu of the ex- 
^oeive energy which ejects the materials of which 
rolcanos are built up. 

Active volcanos are commonly met with in 
regions undergoing upheaval. This is attributed 
to the underground compression of the rocks 
which causes upheaval, generating heat. The 
water near the shore which penetrates to the 
heated region is raised by that heat to an ex- 
plosive temperature. Volcanos have a linear 
extension ; sometimes in islands rising from the 
sea, sometimes in mountain chains formed of 
islands united together. The linear arrangement 
is attributed to the opening of fissures, which 
penetrate downward along lines, in which the 
rocks have been folded and fractured in the 
process of upheaval When rain water, in a 
region so bent and strained, is held back upon 
the land and hindered from escaping by the 
pressure ot the sea round its shores, the water 



descends through the minor joints and capillary 
interspaces between the particles of rock. Then 
it riaeB in temperature with the internal heat of 1 
the earth, so as to facilitate the melting of rockB, I 
with which it eomhines. Sijme of this water ■ 
eventually ascends through the planes of fracture I 
and displiiiCcment forming outlets for explosive I 
energy, discharging steam, duat, and the rock J 
matter, both solid and molten, which builds 1 
volcanic cones. 1 

The past periods of geological time abound in I 
evidences of volcanic activity. From the im- 1 
perfect nature of the records which remain upon 
the earth their linear arrangement is not always 
evident ; but they may bo inferred to mark lines 
of upheaval which brought islands into existence, 
^r united them into continental masses of land 

jjuccessive epochs of geological tim.e. But J 

''ica the volcanos which are marked by beds I 
erhes and lava-flows, and the throats up which J 

I molten matter ascended, there are in mauyf 
gf the world extinct volcanos with their 9 
_ well preserved, as though the craters had I 
recently active. 
. little south of the Pyrenees, in the basin of 1 
the Ebro, there are fitteeti cones about OJot in I 
Catalonia, built of cinders, from each of which! 
lava has flowed in streams still to be traced, yet. I 
so long since that the existing rivers have cutj 
imssages for themselves through the lava. 

The Auvergne is a granite plattoi'm in whicbl 
some ancient rocks of the carboniferous pciiod ' 
occur. This district appears to Wsft "Vwaw a."**^ 
island tiaversed by a line ol I'caatvwfc S-^ww- 



■^•^- to S.E., whkh correspomle to the uplifting 
^H the ctystalline rocks. A second fracture runs 
Wbom N. to S. In this region are the ruins of 
ffihe four grand volcniios known a.s Mont Dore, 
BCantal. Cimton d'Aubrac, and Mczen. Tlic lava 
^Bbwed froQL ^lont Dore for 20 miles. The 
^ninor cones, of which there are hundreds, range 
Bmrough the country in a hroad band, from X. 
Ko 8. Many have the craters burst down by 
Hbe lava which ascended in them, and overflowed 
Klito the neighbouring valleys. 
■ Beautifully preserved volcanic cones are found 
Plothe north of the Moselle river in the district 
'known as the lower EifeL It may have been 
in this country that the eruption took place 
which is mentioned by Tacitus as having affected 
the country near Cologne, iu the reign of the . 
Roman Emperor Nero. For a long way up the I' 
Rhine the rocks are volcanic; and evidences of ^[ 
extinct volcanos are found west of the Rhine, in 
many parts of central Germany ; and a series 
ranges through Hungary S.AV. of the Carpathians 
into SeiTia, 

The latest volcanic outbursts in the British 
Isles were at the beginning of the Tertiary period 
in Skye, Bum, Mull and the adjacent mainland 
of Scotland, and in tlio north of Ireland, where 
streams of mud due to volcanic dust, washed 
down by rains, covered up the vegetation of the 
country before it was deluged with the black 
lava named basalt. Branches of the conifer 
Sequoia, and of plane trees covered with leaves, 
are preserved in the consolidated mud which 
" a these lava-Hows. 
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THE 



OF MOUNTAIN CHAINS, 



Thu SLimo canse which produced the local heafi I 
and fracturea which led to volcanic outburata, I 
has folded the earth's cnist. Eocka many- 1 
thousands of feet thick have been bent, folded I 
and crumpled. This structure, which la shown 
in the succeasion of rocka on tho surface of 
every country, in folds termed saddles and 
trougha, is most astounding in ita intensity 
in monntaiu ohaina. The upheaving of the 
Ijarallel ridges of limestone rock known as ■ 
the Jura chain, forming the frontier between M 
Switzerland and France, is a beautiful example I 
of trougha which form valleys, parting tho I 
elevated riJges from each other. In that part V 
of the Alps known as the Grisons, all the I 
geological deposit^, from the tertiary down to ■ 
the mdest, have been turned upside down, in fl 
the process of folding by lateral displacement ; H 
which ia the sole cause which lifts mountain m 
ranges. The curved form of tho eartli necea- m 
sitatea that every axis of clovation must be I 
accompanied by apura at right an^'lea to itself, H 
or by parallel ranges. The ]iaralicl system ia H 
exemplified ia the chains of North America, I 
, which lie between the Eocky Mountains and fl 
the PaciRc. I 

These folds once formed remain for all time, fl 
They may be raised higher, or depressed 'ha- 1 
neath the sea, and now locVa Vtti ici\vu ■w^'a.l 
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F them ; but as those ancient folds increase in 
intensity with the slow succession of geological 
L Ages, the nowcr rocks become folded with their 
[ folds, and the folds run in the same direction. 

In such puckered and crumpled rocks as 
L 'mountain chains exhibit on their denuded 
■iieights, there is almost invariably evidence 
Kpf a crystiiUine texture. This may be atlri- 
Plrated to the influence of the heat produced 
' Tiy the mechanical power, transformed by the 
resistance which the rock mass offered to com- 
pression. 

The rocks which form mountains are chiefly 
I slaty rock^, and schists, with here and there 
K Bome granite masses or sheets of volcanic rock. 
f They have only been laid bare by the removal 
I of vast thicknesses of water-formed rock which 
!• once extended above them. If the crystalline 
I materials are not the necessary products of the 
L Upward ihrust of the mountain chain and ad- 
f ^ent land which supports it, it may be difficult 
[•to account for the uniform character of the 
I pocka of which the durable central masses of 
I mountain chains are built. There are stages in 
I this process of change. The flanks of a moun- 
r tain range commonly show the fine microscopic 
I crystalline texture of slate, while the central 
I masses show the coarse crystalline texture of 
^tKhist, or granite. 

I iS/aie,^The part which slate plays in the forma- 
I'tion of mountain mas-tcs is well seen in the 
f Btructure of Ihe mountainous regions of North 
f and Central "Wales, in parts of the Lake District 
t Ja H'estmoreland and Cumberland, and in the 



south of Scotland. It is certain that skto was 
origiLally a water-formed rock, a mud which 
consolidated into clay. It often showa successive 
parallel beds marked by differences of colour. 
Welsh slates sonietimea contain clay pebbJes, 
Bueh as occur at the present day on shores where 
the cliffs are of compact clay. Many slates con- 
tain fossil remains of animals '^hich lived in the 
sea when the old miid was accumulating. Those 
fossils are often distorted and squeezed into half 
their original breadth or length, showing that the 
whole mountain mass has undergone compression 
and condensation. The compression has bent 
the rocks into syDclinal troughs and anticlinal 
saddles. The slaty texture is most developed 
in the troughs. 

The effect of this lateral pressure has been in 
the first place to turn the films of water contained 
between the particles of the old mud at right 
angles to the direction from which the pressure 
came. The resistance offered by the rock trans- 
formed a large part of the motion imparted to its 
jiarticles into heat. That heat raised the tem- 
perature of the water contained in the rock, 
enabling each film, under the pressure, to dissolve 
some constituents of the mineral matter in which 
it was contained. These slaty rocks often give 
evidence of having been fractured through their 
thickness by minute dislocations, and subse- 
quently re-united, Such breakage, relieving the 
pressure, would cause the temperature to fall, 
and the substances which had been dissolved 
then crystallize in minute films, parallel to each 
Other, extending thi'oughout tho movi'n\aM\'' 
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1 And having no reUtiou to tha original planes in 
I *hich the mud was deponiteJ. These microscopic 
E crystal films resomblo such minorals as mica or 
P chlorite. They impart to the rock the property 
I termed slaty cleavage. This cleavage causes it 
B fr) split in layers which cut across the original 
Molded or faulted planes of bedding. This niicro- 
KBcoiiic cryatulline change of texture iraparti to 
WlkQ rock, now termed slate, a rcmBrkablo dura- 
Hbility. Its particles are laced together by a uet- 
fWork of parallel films of microscopic crystals. 
KiSlates may be of any antiquity. Xothing but 
folding and uplifting of mountainous masses is 
needed to form them. In this country, however, 
they belong to the ancient epochs of time distin- 
guished as pre-Cambrian, Cambrian, Silurian, and 
Devonian. 
Schists. — The transitions between slate and 
I' Bohist are common in mountain regions. Crystals 
I of other minerals are sometimes developed on the 
Koleavage planes of slate. Some slates are very 
Ljnicaceoufi ; and it is sometimes difficult to say 
►where mica slate ends, and mica schist begins. 
■The original bedding is usually obliterated in 
Bcfaists i so that the rocks give no evidence of 
Uaving been deposited in water. Occasionally, 
Bte in the mica slates south of Bergen in Norway, 
Ht^ds of limestone, in which fossils are preserved, 
^Wfl found in such rocks. In the north of 
^qotland fossil-bcaring beds, known as the Dur- 
^^esB limestone, occur between schists, where they 
P^re introduced by horizontal dislocations. 
I A schist presents to the eye an arrangement of 
D&ort irregular layers of crystals, which is similar 



lo t'.io appearance which a thin film cf elate show&B 
under the microacrope, although schists differ T 
from slates in bnving all their material crystal- 
lino. There is some reason for regarding them 
as results of intenser action of such compresBion 
aa imparta<l a slaty texture to ancient beds of 
very varied mineral character. 

A schist thus foliated is typically an altematio 
of films of the mineral quarts with some other 
minerats. Each quartz film is made up of a . 




Tiumber of crystuls matted together, and occa- 
aionally little plates of mica separate the indi- 
vidual crystals from each other. The mineral, 
which alternates with the quartz, gives its name 
to the schist, as mica schist, hornblende schist^ 
chlorite schist. Some schists, such as gneiss, are 
identical with granite in mineral comjjosition } 
some are identical with slates in chemical com- 
position. Schists are frequently contorted ai 
crumpled, aa in the cliffs round fio\'3Vfti4&,'*''S!a,' 
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(f folding which ie not acen in slate 
Ijke slates thoy can be inferred to have beeql 
crystallized by the traiwfonnation into heat of 
the pressure which elevated them. They havB 
been exposed at the snrfiico by removiil under 
the denuding action of water, of the rocks which 
originally covered them. 

Bchiats e''ten alternate with crystalline quartz- 
rock, which appears to have been originally 
sandstone, metimorphosed by partial solution and 
crystallization which has blended the grains. In 
some lo'^alitiea, as on the west coast of Scotland, 
limestone occursin schists and gneiss. Its texture 
is frequently compact and crystalline, and some- 
times saccharoid like statuary marble. It con- 
tains many minerals but no fossils. All lime- 
stones were originally deposited from water. 
Thus the three chief types of water-fonned rock 
— sandstone, clay and lime stone— appear to be 
represented among schists. The process which 
has rendered them crystalline is termed meta- 
morphiam. Metamorphic rocks, which divide 
into layers by differences in the mineral char- 
acter of their crystalline constituents, are said to 
bo foliated. This foliation may be legarded as 
closely comparable with the cleavage of slates. 

Schists may be formed of quartz, felspar and 
mica in parallel layers, when the rock is termed 
gneiss. The crystals of a schist may Iw thrown 
out of their parallelism, as in Anglesea, so as to 
present a confused mixture, which has been 

med granite. Some observers, however, take 

e view, and believe that the original 

I of the rock was granite, and that the 



schistose texture has heeu acquired by shearing 
movement acting on a heated plastic rock. In 
ihe south of Cornwall a. schistose texture has 
been imparted in the inetamorphic region of 
Cornish Bchists, to rocks which were originally 
volcanic, 

Metamorphism is produced in several dtstind: 
ways. When the rocks of an elevated tract be- 
come changed in texture throughout their mass, 
the expression ' regional melamorjihiam ' has 
been used to distinguish such vide spread trana- 
formations of rock texture, from the local altera- 
tions of texture teraied "contact metamorphism," 
which result from highly heated rocks acting 
upon the sediments over which or through which 
tney flow. The changes produced by the action 
of the atmosphere and infiltrating water, which 
break up minerals originated by heat or pressure, 
and elalwrate others in their place, give rise to 
"snh-aerial metamorphism." 

In the central regions of mountain chains, such 
as the Grampians and the central axis of I)evon 
and Cornwall, schists sometimes pass into the. 
condition termed granite ; so that there has 
sometimes seemed to be a relation of cause and 
effect between the position in which the granite 
occurs, and the way in which its mineral matter 
is arranged. 

Granites vary bo much in the minerals they 
include that they form a family of rocks dis-" 
tinguished by chemical and mineral composition 
and texture. The minerals depend upon the 
chemical coinstituents. The silica varies from 55 
per cent, to 80 per cent. I^ie a\.VKft\'Ka.Vs'3a!i.'t 
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to 20 per cant. So that the quartz is commonly 
from a fifth to u third of the bulk of the granite, 
though occasionally nearly two-thirds. The mica j 
may occasionally be only 1 per cent., though it 
is commonly between 5 and 25 per cent. The ' 
felspars form between 40 and 70 per cent, of the l 
rock. Sometimea a groan variety of hornblende 1 
gives rise to hornblendic granite. Granite may J 
include angular fragments of schists, slate and 
limcatona, often of immense size. These frag- J 
ments appear to show that the granite is 1 
intrusive, and that it tore them a^ray from 1 
rocks through which it passed. Instances have I 
been recorded of granite resting upon schist, i 
Granite is also intnided on a smaller scale, i 
forming veins, which penetrate into other rocka," ' 
or sometimes cut through the granite itself. The 
only evidence of the condition and temperature 
at which the granite was intruded is afforded by 
its junction with slate. In Cornwal], whero the 
slate near to it has acquired the texture of mica 
schist and gneiss, there is no evidence to show . 
whether that metamorphism was duo to the heat 1 
of the granite, or to the pressure which it exerted, i 
or both combined. i 

A few rocks which arc found in mountain 
regions resemble gr.inite in texture, but differ I 
from it in mineral constituents, owing to tho i 
original chemical differonco of the material out t 
of which the crystals are formed. Syenite | 
is well known in Charnwood Forest and in I 
Guernsey. Syenite is a rock formed commonly 1 
of orthoclase felspar, hornblende and black mica. 
They are a variable group, including mica J 
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BycniteB, augite sjonitps, nephelinc sjei 
zircon syenites and many others. 

A third type of granitic rock is named gabbro. 
It is familLarly known in tlio Cnchiillin flilk in 
Skye. Its crystals are as large as those of granite, 
and similarly arranged. It ia formed of a 
plagioclase felspar liko labradorite, associated 
with some mineral of a brassy or metallic aspect 
like diallage, and often containa biack mica and 
olivine ; and in some localities hornlilende. 

These granitic rocks have been termed plutonis^ 
icause they appear to originnte in tbe regioiti 
VHch mythology assigns to I'luto, in the interioffl 
of the earth, consolidating slowly uridei 
pressure. 



■ CHAPTER IV. 

r VOLCANIC ROCKS. 

No cleardistinction can be drawn between pi iitoni, 
rocks and coarsely crystalline forms of TolcanitfT 
rocks. Both are extruded in some instances from 
deep seated parts of the earth. In consequence 
of the rigid condition of the globe it is impos- 
sible that those rocka came to the surface from 
an nn consolidated interior by ascending fiasurea. 
Many writers have assumed the existence of 
molten areas or lakes in the interior of the crust, 

a a source for lava streams, which sometimes 
II the surface for a hundred milca. 

I Others, again, assume tbat \\ie XsmeLtw&VMi. 
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, along whicK volcanic cones have been 
built, penetrate down to different layers of 
tbe earth, each distinguiabed by having the 
mineral character of the different kinds of vol- 
canic rocks. Such a fissuro allows the atmoB- 
phorc to penetrate downwards, and removes irom 
the heated rock tbe pressure which had kept it, 
solid. The rock then liquifies and as ' " 
fissure like fluid in a pump, until it 
contact with water derived from the earth's 
surface, and bo generates steam, which forms 
tbe explosive outbursts. The atoam ascends'! 
miles high into tbe air, carrying up the rock in', 
the form of dust. The dust from the volcano; 
Krakatoa, in the Strait of Sunda, ejected in 188i, 
remained suspended fur more than a year. 

On tliis hypothesis the difference between 
plutonic rocks and volcanic rocks is in the circum- 
stance that the plutonic rocks consolidate deep in 
the earth, while tbe volcanic rocks consolidate 
under tlie pressure of tbe atmosphere, or near to 
tbe surface. 

The principal types of volcanic rocks 
named Rhyolites, Trachytes, Andesites 
Basalts. Tbe basalt has been supposed to be 
the last formed ; and to have come from a 
greater depth than the others, being commonly 
the densest of tbe volcanic rocks. It frequently 
rests upon andesites and rhyolites. These rocks 
have been repeated several times in succession in 
tbe history of the earth. Rhyolites are found in 
tbe old pre-Cambrian rocks of Wales; andesites 
in the Cambrian rocks of the Lake district, and 
the 0)d JJed Sandstone of Scotland ; while in the 
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later Coal Measures there were countless out- 
burfits of tiaaalt. The volcauic tocks of the. 
Tertiary period in Britain are a rejjetilion of 
those of the Primary period, basalts succeeding 
andesites and rhyolites. 

There is at tho present day something like a 
geographical distribution of the different volcanic 
rockk The volcanos of the Andes pour out the 
rocb named andesitfl. The volcanos of Southern 
Italy give out varieliea of basalt. Metals are 
very rarely asBociated with volcanic eruptions, 
though an appreciable quantity of stiver has been 
found in volcanic ash or Tuuguiagua, in Ecuador, 

Chemical and mineral composition alike suggest 
the closest relation between the deep-seated 
crystalline rocks and those which flow from vol- 
canos. The plntonic granite appears to become 
the volcanic rhyolite. Plutonic syenite and diorite 
on reaching the surface appear to become atidesite. 
And the rock which cooling under pressure bo- 
comes gabbro, after flowing on the earth's surface 
becomes basalt. 

Wfffolile. — Tho name rhyolito indicates the 
fluidal structure of the cooled lava, which result*. 
from tho movement of minute crystals about, 
larger crystals iu the flow of the molten stream. 
Some of the crystals are visible to the eye. The 
material between them is named the ground 
Under the microscope, this ground mass is seen 
to be formed of microscopic crystals, with an un- 
eiystalline material between them, distinguished 
as the base. The visible crystals are principally 

?uartz, with the glassy variety of orthocb 
slspar named sanidiiie, T\ie&B TKmfiwia - 
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form the entire mass of a granite rhyolite. But' J 
jhyolite may te free from crystals, forming a 
glass, such as obsidian ; or lie expanded into n. 
froth like pumice. 

Nearly all crystalline rhyolitea are full of 
concretions with a radiating structure, or alterua- 
tions of granular layers with spbcrulitic layers, ^ 
and these are Icnown as spherulites. Besides th^4 
common form of qunrtz, another variety named '^ 
tridyniite occurs, in hexag'inal plates. A little 
niica and sometimes hornblende may he diffused 
in the rock. The oldest British volcanic rocks of 
St Davtd'a, Bangor and the Wrekin, are rhyolitea, 
Rhyolites and rhyolitic ashes often occur around , 
granitic centres, as though they ncre mutually ■ I 
related. f 

Andmle. — Andodtes contain 55 to 70 per cent 
of silica. As the silica increases, the percentage 
of alumina decreases from 20 to about 12 per 
cent. 1 hii oxide of iron and lime also become leas 
with the increase df silica. Typical andositea are 
formed of oligoclase felspar, aifd columnar hiim- 
bleiide, in a glassy ground mass, with a little 
mica and magnetic iron. The qunrlz hornblende 
andcsitea correspond to syenites in chemical com- 
position ; just as syenites corresjiond chemically 
•to some Cambrian slatea. The hornblende ande- 
sites, which are free from quartz, are closely 
related to the rocks named diorices. Andesites 
are largely quarried on the Rhino, in the 
Siebengebirgo, near the Apollinaris spring at 
Reniagen. Andesite abounds in black concre- 
tions rich in hornblende, like those found in the, ^ 
grtinitts of Shaj* in Westmoreland. Phonolita 
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VOLCANIC ROCKS. 

ia probably a volcanic represontativo of ii sycnitfl 
which contains the luirieral nepheliiie. 

Sasaii.— This is the most familiar volcanic rock, ' 
Its silica varies from 45 to 55 per cent. Oxide 
of iron, lime, and magnesia are more abundant 
in it than in other volcanic roelcs. It consists 
chiefly of the minerals labrador-felapar, and 
augito, or Bome siiailar Eubstance, uEually associ- 
ated with a little magnetite and olivine. It ia 
dark in tint, grey-brown, blue-black, or greenish 
black when freshly broken. Cooled slowly, it 
gains a fine granular texture, and ia known as 
dolerite. 

In the most ancient basalts of Cambrian, 
Silurian and Devonian ages the olivine and augite 
have been jiartly decomposed, and converted into 
a green mineral like chlorite. The basalt or 
dolerite is then known as diabase. The less 
altered dolerltes, of carboniferous age, have been 
termed melaphyres. Occasionally the felspar in 
basalt may be replaced by allied minerals. In 
Etna and Vesuvine leucite takes its place. There 
is also a nepheline basah. 

Olivine may take the jjlaco of felspar. That 
mineral then gives a name, peridotitc, to the 
i-ocks in which it is an essential constituent. 
Those rocks are frequently converted by decom-. 
position into serpentines. 

Volcanic njcka of the basalt family sometimes 
divide into beautifully regular six-sided columna, 
such 03 are familiar in the island of StaiTa, and 
the Giant's Causeway in the Noitli of Ireland, A 
liva-flow sometimes coals from its floor and also 
from its upper surface ; and two iiiAe5enie-v&.«*fta 
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of vertical columns of different aizea may then be 
formed, separated by an undivided crystalline 
part la the middle. 

Each of these kinds of lava may also be repre- 
sented by fragmental rocks, having the aspect of 
eindars, or dust. In past periods of geological 
Xime, beds of volcanic agglomerate, of ashea, and 
vesicular lavaa are common in asaociation with 
comjtact lavas. In North Wales, among the 
Arenig rocks, the ashes are enormously thick in 
Cader Idria, Aran Mowddwy and Arenig moun- 
tains, and there ia little doubt that the ash was 
ejected from volcanic throats near Dolgelly and 
Arenig. 

In the Permian rocks near Exeter, the beds 
of volcanic ash at Pocombe are manifestly drifted 
by the wind. And at Spenco Combe the tava 
flow 18 highly vesicular, with the vesicles filled 
with minerals, giving singular evidence of elon- 
gation of the atoam cavities by flow in these old 
lavas of Devonshire. 

There is a close chemical resemblance between 
the several tjpes of volcanic and plutonic rocks, 
and a marked similarity in their mineral eom- 
' position, which suggests a common origin. The 
evidence is not quite so complete that would tend 
to establish a transition from the plutonic rocks 
through schists to water-formed deposit?. It 
has not been fully collected, but deserves ex- 
amination, since the earth offers no indication 
of a beginning in its geological history. If 
metamorphism such as is manifest in the older 
rocks, were 'extended over the earth's surfacfl 
it would obliterate records. And the wearii 
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up of such metamorphoaed rocks into new sedi- 
meuta ivonld ensure a succession of aimilai- rock 
materials. 



CHAPTER V. 



THE MATERIAia OF STRATA, 



Terrestrial Bach. 



^^^Kre and Norfolk, the winds blow up sands from 
the sea-bed, laid bare at low tide. These sands 
form low ranges of hills, known as sand dunes. 
They often show forms of hill contours as varied 
as are produced by the work of water and frost 
in cai-viiig hills out of solid material. These 
sand dunes are but an insignifiranC illustration 
of the woi'k done by the wind, in heaping and 
rounding the grains of sand which form desert 
regions. There, every grain of qiiartz, which 
in a sandstone usually retains some of its angles 
of crystal form, ia rounded by long continued 
motion, till it l>ecome3 a miniature pebble. 
There is some evidence that desert conditions 
not altogether dissimilar to those of Arabia or 
the Sahara may have existed in our own coimtry 
at the beginning of the Secondary period of time, 
when the rock salt was in process of accumula- 
tion by the evaporation of laud-locked basins of 
the sea. In Lancashire and Cheshire, in the 
lower part of the Tcias, there are scsme \a,'^' 
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known as the " millet seed beds '' because tho 
separate grains of sand flow between the fingers 
like millet seed or shot. Those minute pebbles 
are not all of quartz but partly of felspar. 
They can only be compared to blown sands of 
deserts in their pebble -like forma. 

The leas completely rounded sand grains in 
ordinary sandstones, have probably acquired 
their character from long continued rolling, 
partly in rivers, iiartly on shores, as they have 
passed from one geological deposit to another .. 
in successive epochs of time, as a consequence 
of the construction of new layers of roi:k out of 
the materials of ancient lands ; a process repeated 
again and again, and still in progress. 

Another terrestrial rock which can scarcely bftij 
termed water-formed because it is accumulated' 
by vegetfible growth, is seen in the jwat, whicTi 
covers large jjarts of the earth's surface where 
the mean tempei'ature falls below 43° F. It ia 
well known that peat frequently originates 
in the fall of forest trees, because they obatnict 
the surface drainage on level lands, until bog 
jilanta grow and form a sponge-like covering to 
the land which buries the fallen trees, and Mils 
the adjiicent forest. Such accumulations in 
Cambridgeshire have been stated to attain a 
thickness of 40 feet. In the fast of England, 
as in Ireland, there are two successive peats. 
The older has yew trees at the base ; and the 
newer peat covers forests of pino trees. In the 
Fens of the Isle of Ely these peats are often 
separated by a clay of marine origin, the ' ' butterej 
clay " of the Fen-man, the Scrobkutaria clay 
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science, so named from a, bivalve sbell fonnj iu 
it, which Uvea in the swumpy inlets on the eiist 
coast of Englimd. In that clay are occasionally 
found the remains of walrus and seal, whulo and 
grampus ; fihowing that the inlet known as the 
Wash extended southward during the deposition 
of the clay, over the luwer peat in much of the 
Isle of Ely. When peat becomes compressed Ijy 
the deposition of superincumbent rock, it is con- 
solidated like the rocks with which it alternates. 
There are important geological deposits, which 
have grown in the same way, in the successive 
periods of time. At the beginning of the tertiary 
period, at Bovey Tracey in Devonshire, alterna- 
tions of lignite and clay form a succession of 
layers which fill up a lake-basin in the older 
rocks ; similar growths are seen in the Brack- 
lisham beds of tl)6 Isle of Wight. In the 
Secondary rocks there is a remarkable bed of 
vegetable matter five feet thick, at Brora in 
Sutherland, which is worked fur coal. Thinner 
beds arc fcJUnd on the Yorkshire coast, which 
appear to have grown like the modern beds of 
peat, in the positions in which they are found. 
Far more important are the b'ds of consolidated 
vegetable matter found in the upper carboniferous 
rocks of the primary period, which are com- 
monly known as coal. They often give evidence 
of change in level of land during their ac- 
cumulation ; the Eume bed being thick in one 
pUee and divided up at a little distance by 
intervening sedimentary deposits. These ac- 
cumulations of sediments preserva iwd^MA-va-ws. 
of the plant life of the eattti, a.ii'i. %-■"■ '^^' 
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Mociated Ecdiments are occiisionally found re- 
nins of iiisiicts and other terrestrial animals 
Vbich lived in the sanio epocbs of time. 

Febble Beds. 

Any rock which is Buffiuiently durable to 
break into compact peces may give rise to a 
pebble bed when tho fragments are further 
reduced in dim.cnBiona by the action of frost, or 
the transporting movement of a flowing river, or 
the battorinE action of waves upon a shore or 
shoal. 'ITie narder rocks are not rounded into 
pebbles without long continued rolling. The 
term pebbles is applied to atones more than half 
an inch in diameter, so that they vary in size 
from Barcelona nuta to cocoanuts. Stones which 
are larger than these are termed boulders. 
Stones which are smaller are often termed grits. 
A river flowing two miles an hour transports 
stones as large as eggs, so that ])ebbles may be 
brought by such means from many kinds of rock 
which are exposed in the interior of a country. 
They are mixed and accumulated either on 
shores, or where the stream leaves them behiud 
owing to its slower movement. 

The pebble beds around shores are carried 
backwards and forwards with the daily move- 
ment of the tidal waters, iind they serve to mark, 
when covered up by other aedimenta, ancient 
shores of seas which existed in bygone time. 
Pebbles which exist in the old geological 
deposits have been derived from granites and 
schists, from consolidated quartz rock, and lava 
streams, from consolidated sandstones, and veins 
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of quartz -n-hith iTifiltrating wuters have deposited 
in the cricks which upheaval has produceii in 
ancient slates. Many beds of i)e!>bles have been 
formed from concretions of Sint, and similar 
snbstancos, which prove more durable than the 
geological deposits in which tliey wore contained. 

Pebble beds indicate the ceaseless action of 
water in wasting the earth's surface, which has 
gone on without intermission through all the 
periods of past time, because tides have never 
ceased to flow and ebb or rivers to run. 

The positions in which pebble beds accumulate 
have changed, becanae the outlines of the seas 
alter with the folding of the rocks in successive 
ages ; and the pebbles frequently come back affltin 
age after nge, with variation in level of land at 
long intervals, to be re-doposited in the same dis- 
trict upon a shallow sea-bed, or shore-line. 

Occasionally the pebbles are scratched, and 
some ia the Permian rocks of Worcestershire are 
regarded as ice-worn fragments. 

The pebbles are frequently bound together by 
a cement, which converts a loose aggregate of 
stones into a com[>act and durable rock. The 
most important of these cements is silica whicli 
is occasionally more durable than the pebbles 
which it binds together, as may be seen in the 
Hertfordshire pudaingstone. Such rocks, named 
conglomerates, are elso formed when the pebbles 
are bound together with a cement of oxide of 
iron, or of carbonate of lime. 

Conglomerates and pebble beds are among the 
oldest known geolo^'cal deposits iti Jiritain. 
^roon^ the primary rocks they are formed 



THE XATKBIALS OF STKATA. 






almost entirelr of granites, e^axtM, and 
Among tbe seoomlaiy roeks the pebbles 
make up conglomerates sre Ireqneath^ deriivi^ 
from rocVs that hAv« more obriamljr had a 
wat-r-foi-med origin. In the lertMj period id 
time most of the English |Kbble beds have been 
deiived from the grinding Dp of flints, libeiUed 
from the destruction of tbc ehalk. 

Pebble beds frequently mark important 
divisions of geological time in the country in 
which they arc found ; because their esjsteoee 
implies change of level of land which resulted 
in the tidal denudation which brought them ioto 
existence. Among examples of great pebble 
beds and conglomerates may be mentioned the 
geological deposit knoifn as tbe Lianilovery beds, 
which in ^A'al^ forms the base of the true 
Silurian rocVs, ami extends succesavely over the 
upturned edges of tbe older Cambrian rocks, 
which had previously been planed level by the sea. 

Sands. 
There is a rapiil gradation between pebble- 
beds and sands. Beds of intcrmerliate texture, 
with many grains ss large as pe^is, are named 
grits, and are typically seen in some layers of 
the "Millstone grit," which underlies the coal 
Tho grains are miniature pebbles, often angular, 
formed by rounding angular masses of quarts 
rock on a sea shore. On a sandy shore, like 
that of Hastings, Bf^culvers or Hunstanton, tha 
Bands now being deposited are derived from 
~ ' !s which form the clifi's, brc' 
, and afterwards sep&Ta.t«d 
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eimilar to the material out of which such sand- 
atones were originally consolidated. Cambridgi 
Greenaind, and Neocomian sand contain many 
rock fragments mid fossils derived from ancient 
deposits. 

The particles of quartz are often crystalline, 
but are sometimes derived from uncrystallinfl 
forma of silica such as chalcedony, chert, opal, 
and flint. Under the microscope the source oi 
the grains can usually be recognised ; for if the 
quartz was originally crystalline all the crystal 
faces are rarely lost, and the mineral may 
include hair-liko crystals of other minerals, or 
minute cavities in which there may be iluid with 
a bubble of air. This is enough to show that 
the quartz came originally from the wearing 
away of schists or granitic rocks, in times when 
the level of the land caused those rocks to be 
exposed to the destroying influence of the waves. 
But although a sandstone is mainly formed of 
quartz, it rarely contains more than from 50 to 
85 per cent, of silica, — the whole of which is not 
in the crystalline form of quartz. There are 
frequently grains of water-worn felspar in a sand. 
The felspar, which is a silicate of alumina com- 
bined with a silicate of soda or potash, m^ 
decom]>ose, liberating the soluble silicate of soda 
or potash. Felspar crystals abound in the old 
Cambrian sandstones of Barmouth, in the 
Devonian sandstones of South Devon, and in the 
Trias sandstones of the South of England. Sand- 
stones often contain scales of the mineral mica, 
as in the Yorkshire sandstones, used for paving. 
jSometimes the mica decays, and then i ' 



oxide, which was one of its constituents, giv 
rusty colour to the sandstone. Many santistf 
are mainly the grains of quartz, ivhii:h were ' 
Btituents of crystalline rocks, liberated by the J 




decay of minerals with which they were associ- 1 
ated, and left behind comparatively near to tha I 
source from which they were derived. The 1 
finer particles associated with them whioJ 
resulted from the decomposition oi o\!ttCT "ni\aw:i 
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have bcon carried to greater distMices. A stream 
flowing threo miles ati hour at its bottom, carrioa 
away sand ; but sand may be carried out to a 
distance of more than 50 miles from the Bhore, 
The size of the ]mrticles of sand when coarse is 
^^ of an inch; but the majority of the grains 
vary from j^ of an inch to T^jog of an incli in 
diameter. 

When a sand is laid down it is incoherent. 
It often ahowfl evidence of ita ahallow-water' 
origin, in tlie manner in which current* "have 
brought its materials from different directions, 
After n deposit of sand is uplifted, aiifl exposed 
to the action of rain-water Bowing througli it, it 
begins to be bound together by a cement which 
determines its durability. There are three chief 
kinds of cement, which were originally of veget- 
able or animal origin. First, there is the iron 
sand which is commonly red, yellow, or brown; 
and is rarely green. The iron was probably 
collected from the sea-water by the growth of 
marine plants, and liberated by their decay. 
Oxide of iron is liable to accumuhito in tha 
planes in which water has flowed underground 
through the roclc, which are sometimes deter- 
miueil by strain. Examples of sand so coloured 
are seen in the Bagshot beds of Alum Bay, in the 
Jsle of Wight ; and the Wealden beds of 
Warharrow Bay, in the Isle of Purbeck. The 
Wealden sands of Kent and Sussex are so lich 
in iron that they were for a long time the main 
source of tbe metal out of which English imple- 
ments of war and ornaments of art were made. 
Sanda are often bound into calcareous sand- 
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stones by a cement of earlwnate of lim 
sometimes derived originally from the cvnpor- 
ation of waler, but more frequently fi-om the 
falling to the bottom of organisms, which lived 
in the water, or by the accumulation of marine 
shells. The Kentish liag, which forms the lower 
part of the Lower Grecitsnnd, is a faraili 
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near Ptioce Albwt, Capo CcloDy. 

ample of a calcareous Scindstoiie in the S.E. oti 
Ei)gl;»nd. The ahilis liocome dissolved l)y watef 1 
flowing through the rock ; and the carbonate of 
lime of which they consisted is re-deposited, so u 
to fill the interspaces between the grains o 
finartz, and form crystals which bind the san» 
into a sandstone. 

The third kin<i of sandstone tw mod\&<wi. V-jj 
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the cementing material, is the siliceous aatidstone, 
in which the gmina of quartz are bound together I 
by silica. These sandstones are of all geological J 
ages. The material of the cement appears to be . 
in most cases, if not always, tlie minute particles I 
of the siliceous skeletons of sponges, some of j 
which resembled the Eupledella spedosa from I 
eastern seas, sometimes known as Venus's flower 1 
basket The spiculae which form the skeletonfl * 
of such spougea, dissolved by the water draining 
through the rock, furnished a cement which is 
deposited in the same way as the cement of 
calcareous sandstones. Infiltration of this silica 
frequently builds, within the sandstone, compact 
layers of a Hinty rock, known as chert. Such 
layers are found in the Lower Greensand, the 
Upper Greensand, and especially in the Carboni- 
ferous Limestone. In tlie S.E. of England the 
sands and sandstones, secondary and tertiary, are 
often coloured green, with the mineral glaucon- 
ite. As a rule aands are red, yellow, or brown, 
coloured with oxides of iron. They are shallow- j 
water or shore deposits which show current I 
bedding, due to deposition by changing cur- I 
rents, as well as ripple-marks of wave movement, 1 
and footprints of animals. ' 

Clay. I 

Any substance which is taken up by moving. I 
water so as to cloud it, is popularly termed TawS, I 
and mud when deposited consolidates into clay. I 
Mud banks abound on parts of the coast where I 
clay forms the cliffs, because tidal movement of I 
the water converts the clay into miid. It ia I 



chiefly composed of light flocculent particles of, 
Bilicate of ahimina, which frost tears apart from 
each other, and the lightest shower movts down 
a valley. The mud of rivers is carried into the 
sea, as far aa the fresh water can float over tho 
ocean. Tho Yellow Sea \i yellow with the mud 
of the IIoanj^-Ho. When the IJhijie at liunn is 
tnrbid and full of water, -oTra P"'f' <>f i^^ weight 
is mud; but after continued dry weather tho 
sediment falls to -rfrJirff part of the weight, Thus 
the alternation of seasons may give a laminated 
character to dejxisits carried to the sea, marking 
the succession of years by changes in the deposit, 
like the rings of growth in the wood of a, tree. 

When clay extends parallel to a shore, in con- 
sequence of denudation of the cliff's, it commont7 
has a definite relatiun to coarser sediments which 
are deposited nearer to land. 'I'his is seen in the 
lai^'e peruentuge of sand, sometimis amounting 
to 50 or 60 per cent., which may lie separated 
from clajs by washing. The piirticlea of sand 
however are extremely fine, so that thoj' are held 
in suspension for a long time by moving water. 
Under such circumstances, the chemical composi- 
tion of a clay is sometimes the same as that of a 
sandstone ; and there may be an unbroken tran- 
sition from one dc[ioait to tho other through an 
intervening loam. Almost all the minerals which 
enter into the composition of crystalline rocba, 
are occasionally found in clays. Often the orig 
of a clay is revealed in ihe abundance of tl 
flakes of mica which are scattered through 
for the silicate of alumina corresponds ch( 
cally with decomposed felspivv, ani "Ctia -^t^iMs 
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of partiulos of quarta diffused in it, showa that 
the roiik has been derive<l from an olil crystalline 
materiiil. The prcaence of mica lonlers it pro- 
bable that the schists which were denuded were 
of the kind termed gneiss, if the crystalline rock 
vrns not granitic. Home ancient ckys have been 
found full of needles of the mineral rutJle. Thft 
purest clays are formid on land from the de- 
composition of white granite. Such a Bouroe 
would appear to be necessary for the beds o£ 
white pipe clay, found interstratified in the- 
Bagshot sanda of Hamjishire and Dorset. 

The colours of clay are due to oxides of iron. 
Occasionally, as in the Woolwich and Eeading 
beds at Eeading, current bedding is marked bv 
alternate layers of red and green clay. Suck 
bedding would bo unsuspected, but for thfi.' 
colour. Often a blue clay i»asse8 into a br^wn 
or yellow tint. Tt is then sjndy and porous, ad- 
as to jiermit the infiltration of water charged! 
vifh ntmos[)heric air, which oxidises the iron. ' 

Minor sources for clay are the small percentf. 
age of silicate of alumina which is the insoIoH^ 
residue left when limestones have been dissolved. 
This forms the red cave earth in limestone dia- 
Iricta ; and the rod soil on limestones. Beds of 
volcanic nsh, exposed upon the surface, may 
become broken up by atmospheric decomposition 
and converted into clay. 

The bedding of clays is frequently marked] 
by tha occurrence of thin Jayers of earthy lim&<- 
stone, or of concretions termed septaria, whiel 
are distributed in jarallel layers, on zones v, ' 
earhonate of lime was abundant. These 
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cretiona probably mark near approach to the 
limit to which the ancient mud was carried ia 
the sea, where the sediment was becoming re- 
placed on the ocean floor by calcareous layerg 
of oi^Dic origin. The septaria often contain 
upwards of 50 per cent, of carbonate of lime, 
and thtir occurrence appears to mark, either 
oscillations in level of the Eea bed which varied 
the distance to which sediment was carried, or 
indicates that the land area which was being 
worn away to form the new deposit became 
more calcareous. 

One of the moat interesting clay drposits in 
this country ia the ioflanimablo clay, known as 
Kiraeridge clay, found in Lineolnabire and Cam- 
bridgeshire us well as on the Dorset coa^t. Some 
layers of this clay when distilled yJeU as much 
as 40 per cent, of paraffin, naphtha, tar and 
heavy oils^ which are timilar to products of coal 
tar. These chemical substances deri\'ed from 
coal being of vegetable oiigiri, it is probable that 
the inflammable character of the clay is due t) 
the growth of marine algse, Ihough no traces of 
plant remains are found among the lemains of 
marine thelU which crowd the deposit. 

Almost all cliyn yield the minerals, iron pyrites 
and selenite, which are closely dependent upon 
each otiier. Iron pyrites minetalizea fossils, 
and occurs in irregular musses. Both iron and 
Bulpbui' may have been liberated in the decay of 
marine plants. As the iron pyiitej decomposes , 
ia contact with the air, its sulphur is converted 
into an aciil, which disaolves the substance of 
Bhelis, expelling the carbonic aulti,a.'a<ilG>\'QA».-^«, 
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hydrated swlpliiitc of lime, known aa aelcnite, 
OccasionftUy ijhosjihiite of lime forma concretions 
ill clays and mineralizes fossils. Clays are com- 
monly foTnied in deeper water than sands, and 
further from the shores which fnrniahed the 
sediment. 




Limestone. 

Limestones difTer from other water-fornied 

CB in not heing sediments. Their jjarticles 

.,.e grown, as portions of organisms; and have 

Bcome rock snlistance, when the animals or 
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plants (lied, which separated the carbooata of J 
lime from water. Sometimes limestone is pre- 
cinitiited by evaporation of water. The carbonata I 
otlJme which forma limestouea is usually in tho 1 
mineral condition of tmlcite. I 

Beds of limestone may be deposited over the j 
w|io!e aea-bod, whether the water is ehallow or .1 
deep. As a nde they are most noticeable in the J 
open ocean, beyond too limits to which sediments 1 
are carried. Limestone may he formed near into I 
shore ; and when the i-ock is dissolved away by I 
acids, in some cases nothing remains but a vary- I 
ing percentage of siliceous sand. Eocks of that I 
kind are termed calcareous grits. | 

Evidences of the shallow-water origin of some 
oolitic limestones in the west of Eegiand, are 
also seen in current bedding, which characterizes 
some oolitic rocks, and is as marked as in sand- 
stones. The limestones named oolites, are 
probably all formed in moderate depth of water ; 
since there is some evidence to show that the 
oolitic grains may he derived from plants like the 
Nuilipores, and larger grains, termed Pisolite, 
show a minute tubular structure, attributed to 
an organism named Girvanella, 

Beds of shell limestone are seen in process of ■ 
formation on our own shores. Shell-haven, in I 
the Tliames, takes its name from the manner ia I 
which shells are drifted together so as to form a_ 
deposit ; and a similar accumulation may bfrj 
observed at Shell Ness wlich makes the eastemrl 
end of the Isle of Sheppcy, Parts of the forest! 
marble in Oxfordshire, consist of accumulated 
growthsof shells ; ami in G' 
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of the sarao deposit show ripple marks \vliich 
indicate shallow conditions of dei>osittaii. 

Corjl reefs are also to Ite cliiased as shallow- 
water limestones since the coral grows most 
vigorously where the water is Eerat«d liy the 
movement cf the waves near to the surface of the 
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sea. The gieat lirainstona coral Maindriiia and 
the compact coral iWiVfs, associated with Niilli- 
pores build buttresses which constitute the 
living foundation of the reef. Our English coral 
limestones all give evidence of shaltowwater 
conditions, exactly Buch as are seen in the growths 
of fringing reefs of coral at the present diiy. 
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There is a second group of limestones whicly 
may be termed oceanic, or deep-sea liiitestoaea, ' 
made known by exploration of the floors of the 
great oceans. They are largely composed of the 
minute organisms termed loruminifera, such as 
cover so much of the Atlantic, Pacific and Indian 
oceans. Among geological deposits due to snch 
organisms, may be placed the Chalk of Euro|»e ; 
the Nummulitic limestone, which extends through 
Europe, Africa, and Asia ; and the Fiisulina 
limestone, which extends from Knssia to Jajtan, 

There are otbor animals ivhich aj)pear to form 
deep-wBtor limes'ones, since they live in some 
depth of water at the present day, such as the 
group of shells termed Bi-achiopoda ; and Encrj- 
nites, wliich make ii|i portions of the Carboni- 
ferous Limestone in this cuuntry. 

An oceanic limestone is not necessarily built 
up iu deep water, although such rocka often 
tttta'n a great thickness. It is oidy necessary 
that the sea in which the rock accumulates 
should bo beyond the limits to which sediments j 
from land can be tran ported. Ocean basins I 
often increase in depth as the deposit increases I 
in thickness, when limestones may he formed aa I 
thick aa are the Carboniferous limestone of Flint I 
and Derbyshire. J 

Frenh IFaler Ikposils. I 

Accumulations of sands, days, and limestones I 
are brought down from higher land where\or I 
fresh wateis accumulate upon the land surface. J 
If the pond or lake rests uijon a liruoatona the! 
deposits formed within the hike w\\\ \>ft ^xara^tcij 
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calcareous. Fresh-water ithmts like the CSarol 
precipitate carbonate of lime upon the stem by 
abaorhing the carhonic acid gas from the water, 
so that the carbonate of lime is no longer 
soluble. This ensures an accumulation of granular 
limestone as the plants decay. Such a deposit ^ 
covers up the remains of fresh water shells, and j 
frequently the remams of animals derived from 1 

The lakes in Cumberland and WcstmorelancI a 
arc found to have their beds covered witliJ 
deposits which consist of volcanic mineraSs wheal 
they lie in regions oecnpied by old volcanic rocks jM 
while the deposits are ordinary sediments whenJ 
the lakes are surrounded by rocks foimed of suchV 
materials. If the lake is sufficiently large, bke a 
the Lake of Geneva, the sediments may be 7 
completely sorted, successively deposited, and 
pass from the condition of coai-se pebbles and 
boulders where the Elione coming from the 
Valais enters the lake, to the finest sediment ■ 
where its clear waters leave it, southward of-^ 
Geneva. Hence a lake may contain an epitomoj 
of all known water-formed rocks — pebble-beda^-B 
sands, clays, limestones^s well as layers otM 
plant remains consolidated into lignite. ■ 

Examples of such fresh-water growth of sedi-W 
raenta alternating with lignite, have been alreadjrfl 
referred to in the layers known as Coal Measures.™ 
In the lacustrine deposits which are so importanfeJ 
in the nortiiei-n part of the Isle of Wight, fresh- 1 
water limestones are familiarly seen at Headon HiUl 
and Bembridge, which were fonned in fresh-water ^ 
laJ^es, and give no evidence of sediments being I 



mixed with the calcareous matter. Other fresh* 
water limestones alteriiatitig with terrestrial, 
surfaces, on which the remains of coniferous foresft 
trees stand erect, are seen in the Purbeck heds, ^^ 
the Ts!e of Portland and the Isle of Purbeck il^ 
Dorsetshire. Fresh-water sedimenta, altornation< 
of sands and clays are found with numerous repotif 
tions in the Wealden beds of tha Isle of Piirbeck, 
and the Isle of Wi^fc ; and they are associated 
into a few deposits, fairly well defined into sanda^ 
and clays, in the Wealden strata of Kent and' 
Sussex. 

Eecognitipn of the . freah-water origin of all 
such rocks rests upon the presence in them of' 
animals which lived in fi'esh water. When the,? 
are shells they are often matted together to foiiii 
layers of some thickness. The types or genera^ 
are identical with ihoso which live in every pond, 
lake and stream on the surface of the country at 
the present day. The bivalve shells are nsually 
species of CycUis, or Unio, or Amdimta. The uni- 
ralve sheila are either the pond shells Plaiwrbis, 
Paliidina and Linmcea, or such river shells j 
Heriliiia, and the fresh-water limpet. 

There is probably no fresh-water limestone 
from which tbo seed-vesaels of the plant Cltara 
are absent. Sometimes the presence of the 
siliceous spiculaa of the fresh -water sponge, 
Spongilla, has resulted in fossils being mineral-^ 
ized with silica, as in the Purbeck beds, on tha, 
formation of siliceoua layers and concretions iii 
fresh-water limestones, which may be compared U 
the veins and concretions of flint found in marinat 
strata like the Chalk and Carboniferous Lua^^^'Mbj 
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OonUinponmemis ongin of ■mi/ei''fon>uil rocts. 

Thk conditions under whith sediments gnwIiB 
uaXlj becomo finer, as the distance from ehorel 
aad dopth of water increase, show that iHiM 
known varieties of rock may be formetl oat 
deposited adjacent to each otiicr at the sanucj 
time. Kot oidy aro the beds of peat in Irisl^ 
bogs contemponincous with the shell marls iiu 
the loughs, but these ai-o contemjxiraneous wili 
the sands, clays, and limestones which 
forming at the present time in our seas. A 
one type of mineral matter may he ropreseiiteS ^ 
by all the other tj-pes of which l.iyers of rock can 
bo formed, in a succession of ditl'erent localities. 
A geological jieriod of time may be as accurately 
represented by terrestrial lignite, or fresh-water 
sands, as by any I ind of marine de]X)sit. The 
chalky muds dredged afow hundred miles west of 
Ireland aro accumulated in deeper water in associa- 
tion with different types of life, but manifestly 
formed contemporaneously with the shell beds of 
Shell Ness, the muds carried out by the Thames, 
and the sands which are spread by the tides off 
Yarmouth. 

In all geological ages there has been the same 
contemporaneity of rocks of different mineral 
character. Marine rocks must have been laid 
down at the same time as the fresh-water sands 



and clays of the Weald. 

like the chalk formed ia the open ocean, 1 
neceBsitatea shores where sedimi tits were laid 
down. And beyond those shores of the chalk 
sea were land surfaces of islands and continents on 
which plants and animals survived from age to age. 

Lands have never ceased to exist from tho 
earliest ages. They have changed their foi-ms. 
Their height of elevation above the aea has been 
altered ; they have been broken up into islands 
and re-united with other islands newly formed. 
The lands which exist at the present day are 
built up almost entirely of water-formed tocks, 
which have been spread out one upon another in 
the ocean. Every continent shows this history : 
a succession of ancient sea-beds, with the deposits 
formed upon them, alternating occasionally with 
old land surfaces which make known epochs when 
the sea-bed emerged from the ocean, and became 
land as it is now. 

The shores, with their pebble beds and othfr 
evidences of tidal movement of the waters, havo' 
persisted from the earliest limes, changing their 
positions upon the globe, as the lands altered 
their forms, never entirely passing away through 
the long epochs of geological time, although they 
only occaaionally come back again to the places 
in which shores had previously existed. 

The open ocean with its limestones has probably 
been equally persistent and as variable ia form. 
Very little is known of limestones which may 
have existed in the earliest geological ages. F 
from their thickoeBs and importance in the ti: 
named Devonian and CarbonitetOMs, &i\4. \n. 
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fiiibaequent tiroes, it is inferred that tlie ope 
oceaa has perBiated, though its depth baa varie 
There can have been no breaka in geological tim 
though there are breaka in the continuity o( laij 
surfaces, in the continuity of shore lines, and tl 
continuity of deposits of the open aea. The 
breaks are local, like the breaks which 
by the islands or lands which divide the aea, and 1 
the waters which separate lands from each oths 

The Succession of nuper-imposed Rucks. 
A sediment may he followed round a sho 
line, so that it has everywhere the same genu: 
character, except in so far as the rocks of tL 
cliffs vary, which give liae to pebble beds ; 
some localities and scarcely any sandy particli 
on the shore in others. As a rule, tidal wol 
Boris and sifts the products which the sea cairii 
down to its depths, so that they are arrangi 
in bands which are parallel to the coast. Th 
particles vary in size in those zones of deposi 
The finer particles remain suspended longeS 
and are therefore transported to the greate 
distance by the moving water. Thus there 
a horizontal succession of rocks on aueceasi' 
parta of the same ocean floor, which may 1 
roughly classed as sands, clays and limestone 
Sauda formed nearest to shore sometimes pa 
into grits and pebble-beds. And the limestone 
like the sands, sometimes alternate with clays i 
vertical succession, where they pass horizontal! 
into each other. Instances may occur whei 
limestones extend continuously from the shoi 
to the open ocean, without intervening deposits. 



The horizontal sequence of water-formed rocks, 
observed at the present day, explains the meaning 
of the vertical Buccession of the layers of rock 
termed strata, which differ from each other in 
mineral character. By their snperposition they 
build up most of the Tisihle laaid, as well as of 
those parts which are hidden under the oceans. 
Their vertical succession depends upon succes- 
sive changes in position of the area from which 
sediments are hrought into the sea. 

If the land sinks down ao that it becomes 
smaller, \md its shores recede, each kind of 
sediment derived from it, being carried by the 
moving water the same distance as before its 
depression, is transported for a less distance 
out to sea as compared with the deposit formed 
previously. Therefore the finer sediments on 
a sinking soa-bed rest upon the coarser sedi- 
ments, which had been formed previously, when 
the source of supply was nearer to the place 
of deposition. In other words, clays rest upon 
sands; while the new sands rest upon areas 
which had previously been dry land. If this 
process of depre^iou continues, then while the 
days follow the new sands, and become super- 
imposed upon them, limestones arc super-imposed 
upon clays. 

Sandstones occasionally give evidence that 
they were deposited between tide marks, in 
preserving the footprints of animals, as well aa 
in the ripple marks, sun-cracks and rain-prints 
which were formed when the surfaces dried 
between successive tides. Such memorials are, 
preserved in the Trias Saudatono ol Ctia^KK^ 
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and the Hastings Sand. Clays occasioimlly, ^^M 
the abundant remains of terrestrial plutite whi^H 
they yield, give evidence of estiiarine origi^H 
which may not be strictly com]jarablo to tItH 
succession of cotiditlons seen u{)oil a land whi«^| 
is being submerged. ^H 

On the other hand some deiiositB are form^H 
upon shores which are rising, and advance ^H 
the expeuie of tho sea, and then the depoE^^f 
which result from wnslo of the land, succea^| 
each other vertically in revei-ae order. In t)f^^ 
sea which borders the coast of South Amerid^| 
the sand derived from its cHfls may be carrilj^l 
out to a distance of from 20 to 150 miles froJH 
the shoi-i;. The mud formed at the same tig^H 
vould be carried much further. If then SO^H 
a land were to be enlarged by slow upheav^H 
so that the shore extended over the area whi^H 
had previously been the shallow sea, two Bedi4 
ments which would still bo formed would b^M 
carried as great a distance as they were carriaaH 
previously, and the sand at its furthest lienH 
from tho shore would gi'adnally extend heycqj^H 
the limit of the sand beneath it, and would th^^H 
be 6 u^Mfr- imposed in part at least upon clay. l^H 
hke manner the mud sediment would he carrraH 
further than the mud had gone previously, «H 
that it woidd similarly rest upon limestone. ^M 

Therefore, under the influence of cantiin;^| 
depression, tho geological deposits come to I^H 
accumulated in the vertical order of sand, cldH 
and limestone, in the Siime place. While und^^ 
the influence of continued upheaval the vertical 
les to bo limestone, clay, sandstone, 



There nre coiiGtaiit dbc illations of IcyoI of 
land which are evidenced by successiona of aand 
and elay, or limestone and clay, which are local. 
And occasionally a sediment is derived eimiil- 
taneouely from two different sources, as when 
ancient ciiffa furnish sand, and an ancient river 
supplies mud which, is depotiited at the same 
time, over part of the same area. 

The layers of water-foi-med rock which form 
orory land, succeed each other verticaUy in eoino 
such order as sand, clay limestone, limestone, 
clay sand, Tho;r order in Nature, as seen in 
the cliffs and on the surface of the land, is 
evidence of great upwaid and downward move- 
ments both of the floor of the ocean and the 
nd, which ha 
^fi of the rocks. 

Usually these rocks, the strata of sand clay and 
limestone, rest evenly upon each other, for the 
upward and downward movements are commonly 
so gradual, that while the rocks are distinguished 
from each other by mineral character, and the 
planes of bedding, which change with depth of 
the sea-bed, there is no physical break in the 
succession of limestone on clay or clay on s^nd, 
and the beds in parallel planea of deposit, are 
said to be con/ortmhle to each other. This is 
jwrticidarly trne of an area undergoing depres- 
sion, Yet a^ depression extends, and an area 
which had previously been dry land is submiTged 
BO as to be covered with new deposits, worn 
from the higher land which is near to the now 
submerged area, such a new layer begins a new- 
order of succession in that diaVriiA, awi 




THE STORY OF TUK EAIITU. 



I upon tha edges of many oldor deposits which 
had been tilted up and worn level, so that their 
edges became exposed before the old Jand was 
raised from the sea. Such a succession is so^id 
to be unconformable. Tlioro is an unrepresented 
interval of time between such nnuonformabb 
strata and the layers on which they rest; but 
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Kthe unconformity is local, and does not imply 
"iny real break in the succession of rocks, for 
ihe break is a consequence of the submergence 

WpS the denuded land, which had interrupted 

Hlihe even spread o£ sediments by the water, e " 

Jpbng as it remained above the sea. 

On the other hand, when land is undergoil^ 
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fapheaval, and the shore deposits begin to lie 
raised out of the water, it must happen that 
the newest formed deposits will be worn up 
1 removed before they emerge from the sea. 
:e is a break formed in this way in tha 
sontal sequence, though there is no break in; 

^^. '6 vertical sequeuce of strata. Traced by their 
miaeral character to the circumstances in which 
they originate, the whole succession of water- 
formed rocks which is known demonstrates no 
more than three or four great oscillatioua in 
level of the earth's surface, which have converted 
lands into seas, and seas into lands. 

lb is obvious that land is disturbed in level ia 
some localities, while the level elsewhere ia un- 
afTected, so that the succession of rocks may vary 
in: mineral character in the disturbed district, 
with no indication of change in the succession else- 
where. On this account, the history of every part 
of the earth needs to be told teparately from the 
other parts, for too little is yet known of the 
detailed events which took place in the successive 
periods of time, in the different portions of the 
globe, to piece the parts of the story together 
into a complete history of the earth. 

^H CHAPTER VII. 

ORIGIN OF STRATIGBAPHICAL GEOLOGY. 

Geology originated in observation of the earth's 

surface, by which records were made of the ordert 

^fed arrangement in which diffcrtsiit rocks ocuur 
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in England and Wales. This koowledge is 
expressed in two laws. The first is tlio law of 
stratification. It affirms that the rocks which ars 
anywhere exposed on the surface of the counti; 
are usually portions of layers, which rest bqccfc- 
aively upon each other. Therefore they lise 
from beneath each other, iu the order of their 
relative antiquity, wlieTiever they are inclined to 
the plane of the horizon. Every such laj"er is 
a etratum. Strata differ from each other in 
relative ant)<]uity, in their mineral nmterialB, 
thicliness, extension, and degree of disturbance 
from the original condition of their horizontal 
depositiun. The law of succession of the layers 
upon each other is named their sa-perpodthn. 

The second law is that every stratum may be 
identiSed by means of the included remains of 
plants and animals, termed fossils, which lived 
when its, rock material was being accumulated in 
the part of the earth in which it ia found. By 
these fossils the exposed edge of every stratum 
may be traced as it extends through the country. 
Therefore the area occupied upon the sui'tace of 
the country by each geological deposit may be 
drawn upon a map, A map made in t his wny, which 
defines the llmita of strata, lava flows, crystal- 
line and other rocks which form the country, is 
a Geological map. It show how the strata in a 
country maj- be distinguished and classified by 
.Uie succession of grou^ia of animals an<l plants 
Irbich have followed each other in occujiying the 
same portion of the Earth's surface. 

Those laws were discovered about 1790 by 
William Smith. He applied them iu travellingr 



1 



through, the country, bo as to niako the first I 
GeologifAl Map of England and V.'ales, which 1 
■waa completed in 1815. In 1816 hia collection I 
of fossils, which distinguish and identifj' the 1 
several British Strata, -was placed in the ISritlsh f 
Museum. It became the foundation of the 1 
National Geological Collection and the beginning 1 
of all Geological Museums. 1 

Other observers had recorded the order of the J 
strata in different localities, and in some cases had I 
recorded the occurrence of fossils in a single stro- J 
turn ; but without making the diacoverjr that the I 
strata may be identified by their organic remains, I 

Dr Listiif, in 1SS4, proposed to the Koyal I 
Society to make a map of the soils in our country. I 
This Wiis the first proposal to make a Geological I 
Mnp. In one of his writings Dr Lister gives a 
drawing of a small fossil, a Belemnite, and states 
correctly, that it is found in all the cliffs along 
the Yoi'kahire woHa, for a distance of more than 
100 miles, by Spocton, Londesbro' and C.iistor, 
but always in a red ferruginous earth [now known . 
aa the HimstanCon Limestone]. J 

Mr John ytrachey in 1719 laid before the I 
Koyal Society evidence thnt the upturned and J 
levelled edges of the Coal Strata in the Somerset- 1 
shire Coal Basin were covered by nearly horizontal M 
beds of the Ited M^.rl, Lias, and Oolitn. J 

The Rev. John Hollowny in 3 72.3 described toJ 
the Royal Society the parallelism of the Chalkl 
of the Gog-Magog and Chiltern Hilh the Sand I 
~ills of Wobum, and the Cluj country drained I 

^'le Cam, Ousc, Nen, and lais 

Eev. John Mitchell in 11* h'Lv'wift. W "0 
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Eoyal Society that "we ought to meet with the I 
same kinds of earths, stones and minerals appear- I 
ing at the surface in lon^ narrow strips, and Jying 1 
parallel to the greatest rise of any long ridges of ' 
mountains, and in fact we find them [thus ex- 
poaedl" The ridge in England which influences 
the direction of the strata is said to run firat 
north to south, and then from north-east to south- 
west. Travelling between the Chalk hills of 
Cambridgeshire and the Coal of Nottingham and 
Yorkshire, he observed the succession of the 
strata; andinl78S, gave to Smeaton the Engineer, 
a table of these strata, with their thicknesses. 
Thev are enumerated in vertical sequence as 
Chalk, Golt, Sand of Bedfordshire, Northampton 
lime and Portland lime in several strata, Lyas, 
Band of Newark, Red Clay of Tustford, etc., 
Sherwood Forest i>ehblea and gravel ffiic white 
sand], Eoche Abl>ey and Brotherton limes. Coal 
Strata of Yorkshire. This table was given to 
Henry Cavendish, who preserved it.* 

Mr John Whitehurst in 1778 gave an account 
'0{ the Geological structure of Derbj'shire ; and 
remarks : the strata follow each other in a 
regular succession, both as to thickness and 
qoality, insomuch that by knowing the incumbent 
'Jrtmtum, together with the arrangement thereof 
^n any particular part of the earth, we come to a 
I>erfect knowledge of ulj the inferior beds, so far 
3£ they have been previously discovered in the 
adjacent country. 

Smcaton in 1786 expressed his belief that the 
Lias extends from Watchet in Somersetshire to 
Barrow iu Leicestershire, probably with few 



breaks in continuity, and through the vale 
Belvoir into Nottingham shiro aud LincolnBhire, I 
beyond Grantham and Long Bennington. 

There is no reason to believe that William j 
Smith had heard of any of these observations. 
He was born 23rd March 1769, at Churchhill in ' 
Oxfordshije, upon the Oolites. He became a ' 
land surveyor and engineer; and at the age of 
twenty-one had found out for himself the snccea- 
sion of such rocks as he had Boen, and had begun 
to compare the appearances at one locality with 
those observed at a distance. Hia work was 
distinguished from that of all predecessors by his 
method of untiring pereistenco in observing facts 
of etratificatiou ; iictivity in comparing, extend- 
ing, aud establishing the conclusions to which 
those observations led ; and care in recording 
upon his map nothing but what he had seen and 
proved. This work caused him to ba known 
through the country as Strata Smith ; recognised 
amoug geologists as the Father of Geology ; and 
honoured as a great original discoverer in science. 



CHAPTER VIII. 



"&«Blogical c 



'voloijicoX Aspects of Fossil Planta- 1 
and Animals. 



Ik the early days of geology fossils were rt 

Sirded with interest because some species wer 
mited in their range in time wvA, Q\i\.-^ \m«c 
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[ Jn certain rocks. Attention was given chiefly to 

I extinct species which were (noet abundant in 

[ each of Ibe geologiciil deposite. A large amount 

[ <rf practical work, in mapping the distribntion of 

T tha strata, was done with the aid of very slight 

I kBowle<]ge of » few species of animalB. 

I It became possible also to group the rocks 

I blether in a rough way by limitation to ihfl 

t vertical range of a few fossils. The oldest rocks 

were defined as those containing Trilobites ; the 

middle group as those contaimng Amtnonibes; 

E^d the newest group as containing Numm.ulit«B. 

KT^ geologist, having to classify the rocks and 

Kjdeotify them, was influenced in making divisions 

■pf the Btrata occur wherever a difference in ^fe 

' any kind woukf permit the separation of 

rata, or groups of 8tn»ta, from each other. 

A dim idea prevailed that the change in life 

i*ae in some way connected with the succession 

Jof geological periods of time. Hypotheses were 

Kjpat forward that the groups of strata correspond 

■':to about six successive ejwchs, during which the 

ilife gradually became higher in the details of its 

Colonization. This theory was not suggested by 

|fixamination of the rocks and theii contents, 

^use divisions which separate strata in Europe 

pre differently placed in Amcricii. The hypothesis 

indeavoured to forestall results at which science 

I^Blight arrive. The species of fossils found in each 

f stratum were supposed to have been created in 

■ the period of time when they were first met 

Iwith; and to have become e.xtinct when they 

^'disappeared with the succession of newer strata. 

JVaturalfata foiind that exiatin^^ lite varies with 



elevation above the sea levelj and that there is a 
relation between distribution in height and in. 
horizontal area. While sonie of the plants found I 
in our own country are identical with those o£ I 
Germany, there are a few, living on high ground,' I 
which are Scandinavian types. In the south-' f 
west of Ireland there are a few Spanish and! ' 
Portuguese types. The Scandinavian lite was 
accounted for on the hypothesis that, in a recent 
period of geological time, those plants spread 
over land which is now the North Sea, when the 
temperature was lower than it is now. When 
the German types of plants subsequontty spread 
over England, the Standinavian apecies, which 
could endiu-e greater cold, survived upon the 
hills ; much as the Celtic popidation may have 
receded to the high ground before the invading 
Saxon peoples, J 

Considerations of this kind indicate two greatr ■ 
laws. First, that the existing life which occtipiea' ■ 
the earth's surface is grouped in series of geo- ■ 
graphical assemblages, each of wliieh may ho M 
termed a life province ; and secondly, that these ■ 
provinces occupy changed areas of the earth's' I 
surface, with alterations in the level of land. I 

In the same way it was found that life in the M 
sea varies with the depth of the water. Sea- ■ 
shells which live between tide-marks, and are ■ 
adapted to exist more or less exposed in atmos- ■ 
pherie air, are different in genera or species to ■ 
those in the deeper water, where the great' I 
growths of sea plants are found. Mai'ine life V 
again changes its character with greater depth. 1 
"nie shells which would be itvcVicatwe qV a. ■Ai'sus^ I 
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L travel along tho shore ; and the shells which are 

C found in clays, are rarely met with in sand. 

Marine life bIbo varies geographically in the 

' jrizontal direction, because there are natural 

iatory provinces of life in the sea, which may 

inga their area, when the depth of water 

, eo aa to scatter or concentrate or com- 

['.fcine^he life. 

About the year 1864 it began to be nrged that 
n.the differences found in the fossil life between 
I liwo successive geological deposits, were not due 
Wto great denudations of intervening strata, whidi 
riad removed the intervening trausitioiial organ- 
pwns, malting breaks in the geological record, but 
were the results of geographical migrations of 
■ organisms, so that these animals and plants came 
K^to an area which they had not previously 
Occupied, by moving away from one which had 
formerly been their home. When fossilized, the 
: of such a group indicate a different 
age of animals or plants to those which 
Mved previously in the area, when the life in ■ 
m<i underlying stratum accumulated and was 
oasilized in the same way. 
Thus it is intelligible that the distribution of 
fijife in the strata has been brought about in the 
P'same way as the distribution of life is varied 
upon the earth's surface now. And instead of 
fossils in geological formations representing a 
multitude of successive creations, there appears 
to be but one creation. These types of life sur- 
vived from the earliest time by undergoing more or 
Lless adaptation to altered conditions, as a tieces- 
Bsar/ circumstance for their perpetuation through 



all the revolutions which the earth's surface has 
undergone. 

Thus it is known that the elephant, hippo- 
potamus, lion, hytena, rhiuoceroa, which are now 
living in Africa, have been common animala in 
Europe and Britain since the time during which 
men. have lived here ; that those ajiimals have 
changed their habitation ; and that the area of 
the life province to which they belong is.mani-. 
featly altered. There are no animals mora 
distinctive of Africa at the present day than the 
hippopotamus and ostrich, but in a recent tertiary 
period of geological time, these animals left their 
remains in rocks of Northern India, in association 
with extinct allies of the giraffe, a type which is 
now limited to Africa. And so another change in 
the area occupied hy a natural history province 
of life is made known by remains of animals 
preserved in the rocks. 

All down the sequence of the geological ages 

the story is of the same kind. Wherever there 

is a change in the material of which rocks are 

formed there is a change in the distribution of 

life on the earth. The upheaval or depression 

which varies the distribution of the mineral 

matter and produces the succession of strata is 

also the cause which varies the distribution of 

life. Therefore the fossils found in any 

geological formation are a portion of a natural 

history province, which has been preserved i) 

.the condition in which it existed on the earth' 

^^ubce at that particular epoch of time. 

^^^Huve suppose land and sea at the present day 

^^^^W occupied over their aTeaa ^'v'Ca. w'a.'ora'di.j 
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history provinces of life, in the manner in which. 
they have been marked out by natiuiibBta, Buch 
provinces are manifestly the survival of the life 
f irhii'h has existed in the eeveral periods of the 
I geological record. They have reached their 
[^present positions in consequence of the geological 
L eirciunstunces of roek folding in the earth's crust 
[ which have given the earth's surface its j 
\ iona. This truth is the ordy explanation of t 

a of life in the past ages of the earth's his- 
r tory. It is impossible to imagine any change inlife 
[■tetween ihe oldeet deposit known and the bed 
t which succeeded it, unless the life was already 
I ndifferent in an adjacent area of the ocean, so that 
L» new natural history province could be gu]>ar- 
y imposed upon that which had previously occupied 
I the ground. The fossils of the geological forma- 
K tioDs are therefore the records of the succession 
I of the natuml history provinces of life on 
l.fche earth. Each province has been formed hy 
ological chani^ea. Tliey have succeeded eaLi 
other like the movements of ches.-men upon the 
same square of the chees-board. In this process 
many of the old life provinces are broken up, 
and their constituent animak and plants scattered 
and intermixed with others, almost beyond re- 
cognition. Such survivals have nob been 
accomplished, however, without the earth losing 
I many of the kinds of life with which the geolo- 
I gical story begins, and which characterize its 
r greater epochs. 

The Succesxivn iij Life. 
The oldest geological deposits in the Cambrian 
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Iieriotl give no indication of a commencement 
of life on the earth. The assembla^'e of fossils, 
aStae eliminating the types which have become 
extinct, is comparable to such aa might bo found 
upon an existing soa-bed. The most ancient 
groups of fossils in the stratified rocks lend no 
support to the hypothesis that they are stages 
of a process by which animals came successively 
into existence, in the order of their grades of 
organisation, There are already several grou[ta 
of animals co-existing, associated with each other 
as they are upon an existing sea-bed. On many 
shores at the present day the variety in life is 
not greater than the geologist finds in a quarry 
or cGff after examining a few yards of rock. 

Each of the great divisions of the animal 
kingdom has representatives in very old rocks. 
Man is limited, so far as is at present known, 
to the newest deposits. But geological research 
has pished further and further backward in 
lime, the epoch in which each of the highest 
types — mamraala, birds, reptiles, fishes — is firat 
met with. 

Sometimes the earlier rocks are fancifully 
spoken of as the age of fishes; those of the 
middle period are named the age of reptiles ; 
and the latest TOck» are termed the age of 
mammals. Each of those groups of animals puts 
on a considerable diversity of organisation in 
the epochs which it is eup^iosed to characterize ; 
and each includes some extinct groiija which are 
not met with at the present day ; or subsequent 
to the e|»ch which the group characterizes. On 
the other hand, mammals are cot ouVj Tvt*.V\aJ»K&. 



h to the tertiary strata, but have been recorded as 

^extending to the Trias, the beginning of the 

Secondary rocks. Indications of their existence 

■ ccur in connection with each of the old land 

arfaces which the strata make known in the 

rath of England. Birds have been fonnd on 

fiitwo different horizons in the secondary rocks. 

KThe presence in those secondary rocks of aiu- 

ala BO remarkable as Ichthyoaaurs, FlcsiosauTB, 

mithosaurs, Dinosaurs, and Anomodonts, fully 

aatifies the term, age of reptiles. The modem 

3 of crocodiles, lizards, turtles, and snakes, 

e the true reptiles of the present time, 

I not extend Iwick to very early parts of the 

eondary epoch, so far as is known at present. 

Etinct groups of reptiles such as the Anomo- 

HitB and LabyrintJiodonta date back at least 

I far as the time in wJiich the Permian 

fad Carboniferous coal was accumulated. The 

,t facts which life presents to us when cx- 

miued by means of fossil remains, preserved in 

the succession of strata, are : Jirsl, that it haS 

' jen always changing in the same locality, in 

^e same way as a fauna or flora undergoes 

"lange at the present day. In the lifetime of 

dividuals, plants and insects have disapjjeared 

I the fen district of Cambridgeshire under 

influence of embanking and diaining, just as 

1 historic times animals like the wolf, brown 

bear, beaver and roebuck, have disappeared 

from South Britain. In other paits of the world 

tbe existing fauna has become poorer by the 

L«3ttinctiou of birds like the Dodo, and the Moa. 

kThis process of extinction has never ceased. 



Its evidences remiiin in the extinct species which 
characterize every geological deposit. 

The process of extinction has extended to 
some larger groups, such as in iiattirnl history 
are termed Orders of Animals. Thus in the i 
old slaty rocks termed Cambriiin and Silurian 
the entire group of anintals termed Graptolitea 
is extinct. In the primary rocks there is an 
extinct group of corals, termed Eugoaa, whicli 
have the radiating shelly partitions termed septa, 
in multiples of four. There are small extinct 
groups of Echinoderms in the silurian and car- 
Bo&iferons rocks, allied to the sea urchins, named 
Cystoidea and filastoidea. Among Crustacea 
there are the extinct grouija Trilobitea, com- 
prising more than fifty genera ; and the Mero- 
stomata, comprising animals which are allied to 
the king crat^ and scorpiong. 

Other groups of animals, though not entirely 
extinct, are much better represented in the fossil 
slate than in existing nature. Most of the 
genera of the groups of lamp - shells named 
Brachiopoda, are extinct, and found only in 
the Primary rocka; and the larger number of 
allies of the Nauliliis are found in a fossil state, 
partly in the primary, and partly in the socond- 
ary period of time, 

A number of the existing groups of animals 
date from very remote, if not from the earliest 
known geological ages. The genera in which they 
are first met with, frequently appear to have per- 
eiated ever since, without undetgoing any appre- 
ciable change, beyond those minor modifications 
which distinguish species. Altliou^ ^\\c l-miivji 



of tbe Araucaria, of various pines, and of Po^ 
danns, are fomid in the lower Secondary roc 
it is not until the latter part of the secondi 

tieriod that any deposit yields enough foa 
eavea to enaljle the vegetation of the earth | 
be compared as a group with living tydir 
The common genera of ferna of the present q 
are ivell represented in Btrata older than \ 
chalk, by such types as Pteiis, AspUmvA 
Adiaitlam, Aspidivm, and Gkicheiiia. 
are represented by Jlipa, There are numerous 
reprcBetitations of the oak, willow, beech, fig, 
laurel, ebony, magnolia. Nothing is known of 
the origin of this ai'.cient cretaceous flora, but 
there is no ground for believing that it suddenly 
came into existence in widely sepai'ated parts 
of the world, where it is first met with. 

In the oldesfc group of rocks every class of 
animals is represented by many genera which 
still live. Thus the Foraminifcra, which fill bo 
large a place in the life of the open ocean at 
the present day, are represented in the Silurian 
period by the genera Dentalina, Lageiia, Node- 
saria, Te^tlnlaiia. 

The existing genera oi Ethinoderms are not 
known I'rom so early a period ; but In the l>e- 
ginning of the secondary time Gidaris and many 
other genera are found, which abound at the pre- 
sent day. 

Amo'Jg shells the Brachiopoda Lin<]uJa and 
Crania, Biscina, Hhpuxnella, Terebi'oiula and 
others survive from the older primary time. 

The common bivalve shells, which have few 
representatives in the Piimary rocks, include 




such familiar forms as Peden, 
Area, Aiiicii,!u. 

The common Univalve sheila bagin with euch 
forma as Patella, PleiiroUtmoHa, Chiton, Natka, 
Trodins, DenlaHiem, which have never since been 
absent from the earth. The l^aulilus dates from 
a very early poiind. 

Thus, although the history of life has left 
behind enough extinct entomlicd forms to en- 
able every deposit to be lecognised by their 
remains, the great lesson of fossil remains is 
not ao much extinction, as survival and per- 
sistence upon the earth of the life wliich has 
once existed. The natural iufeience would he 
that the variety in kinds of life h:i3 been steadily 
diminishing from the earliest time, owing to the 
loaa of the extinct groups of plants and animals. 
But with each group of newer strata, genera 
families of animals are met with among the fossila, 
which were not known in the older syts of " 
There is perhaps no proof that they were pre- 
viously absent from the earth ; and it is possible 
that some of them may have come into existence 
as modifications of the types which were already 
^n sxietence. 

sthe 



^M The variation vhich life undergoes 

^P fmtdition, of its easience. 

There ia a principle which affeuts the hiatcay 
of life, which necessitates that new modilicationB 
of plants and animals should constantly come into 
existence, under the varying conditions which 
the earth's surface assumes. The different organic 
types are saved from extinction b^ ms.wies.'iMi^^: 
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BOine degreo of adaptation to altered circum- 
stances. It 13 this property which enables the 
genua to survive from the earliest times. It 
undergoes a series of changes by which slight 
differences of form or ornament are perpetuated 
for a time, eventually giving place to another 
similar series of modifications ; and these char- 
acters distinguish the species of which the genus 
consists. Even persons who are not trained to 
recognise the technical characters by which 
animals and plants are classified, are aware that 
there are difl'erent kinds of scallop shells, and 
different kinds of cockles. The change in form 
and ornament can often be seen to originate as a 
consequence of the home of the shells being a 
place where the water is still, or one where it is 
exceptionally disturbed, the ribs of sheila being 
always etionger in rough water. The preaencs^ 
of fresh water in an estuary would appear to btfl 
a frequent cause of varialion, not only in orna^ 
ment, but in form. Such variations of the commojS 
periwinkle and purple shell are found in Crag-b^^| 
at Norwich, and seen in inlets on the coast at I^H 
present day, Many of these variations are sia^H 
as might characterize different genera if tt^^f 
were persistent and became permanent charact«^^| 
but they do not even constitute species, and W^| 
only regarded as local races due to local causd^| 
If it were possible that after a local race h^H 
come into existence, another set of circumstanc^H 
affected it so as to cause variation to take pla<^| 
in some new direction, it may be that what Wil|H 
previously but a race ehai;acter, would be pot^V 
joetimted in all the new modifications, and becomafl 



the distinctive attributo of a, species, or even of a 
genuB. The capacity of an animal for variation 
is usually in the development of something new, 
which did uot previously exist; but the moat 
remarliable evidences of variation are in the loss 
of partB which had exiBted in animala in a pre- 
vious period of time. The capacity for variatioa 
is strikingly seen in the manner in which the 
antlers of a deer become complicated year by 
year, by the development of new processes. In 
the present state of knowledge certain fossil deer 
appear to have had antlers which were less com- 
plicated ; and in others the antlers were more 
complicated. It is on such characters that species 
of deer are distinguished. 

All the higher forms of life which are distin- 
guished in classification, are records of loss. 
Thus there can be no doubt that the common 
horse is closely related to the fossil horse named 
St^trion, which had three toes on each foot, and 
the existing horse still preserves rudiments of the 
lateral toes which have been lost, in the splint 
bones, which occur at the sides of each cannon 
bone. Attempts have been made to show that 
the three-toed horse had ancestors with five toes, 
so that by loss of the digits of the feet, which are 
consequences of the ways in which the toes are 
used, genera may come into existence. At present 
there is very little in the way of fact out of which 
such a history coidd be constructed. Science can 
only be carried on, on a basis of unbroken 
evidence, from facts, which are lo the scientific 
man what capital is to the merchant. There ie, 
however, no doubt that the nui.m<;aa.\a W^^ \.<^ 



the eomposite structure tit the lower jaw, which 
is found in reptiles ; and that rejrtiles hnve lort |l| 
the greater part of the arch of bones which i 
fiahea intervenes between the br.iin case and tl 
lower jaw, if their stmicturcK are inherited fm 
one group to the other. 



CHAPTER IX. 

THK CLASSIFICATION OF WATKR- 

In every country breaks exist in the contimi 
of the strata. Such iiitemiptions in seqa« 
are in progreaa at the present day by the Q 
heaval of land of existing islands, and continei^ 
which intermits the deposition of marine sir** 
Such breaks are evidented by want of conform! 
in the order of succession of the deposita. Tk 
is one of the main grounds for dividing geolagM 
deposits from each other. The breaks which esj 
in anyone country are somewhat limited inii 
area which they afTect They can never be worf 
wide divisions between strata. Strata are al 
divided according to their differences in predon 
nant mineral character. The changes which taj 
place in the prevalent types of extinct life whii 
they aeveially preserve, give grounds for diviffli 
of deposita, bo that the cessation of an ancie 
gronp of animals, or the incoming of a now groa 
makes a division possible between the strata. 

There is no necessary connection between til 
break in strd,tification, termed unconformity, ai 



the break in life. Frerjuently there is a great 
change iti fossils between two successive strat*' 
without an indication of unconformity. It IB 
difficult to understand how the lite can change 
appreciably without a change in the level o( 
adjacent land, which causes the life of an adjacent 
area to mii^rate. An unconformity is not of 
necessity any ;;reat«r evidence of an unrepresented 
intwval of time than conformity; because tha 
unconformable beds might always be traced to a 
district where they bocome conformable, so that 
there ia no break in the geological record. 

The changes in life between conformable strata, 
are no more than the ditferences which Eonea of 
life assume with depth. As a pebble hed changea 
to a eandstone, its life alters from the fauna of 
the littoral zone between tide marks, to tho 
fauna of the deei>er laminurinn zone. As the 
sand is succeeded by a clay the fauna alters to 
the life of the coralline zone. Therefore there is, 
fromthepoint of viewof the existing disttibutioa 
of plants and animals, a necessary change of life, 
with change in stratification, which has no im- 
portant connection with imperfections in the 
geological record. 

The breaks in life and in stratification were 
stated by the late Sir Andrew Kamsay in the 
following series ; Between the Lingula flags and 
the overlying Tremai;loc slates thei'o is a nearly 
complete break in genera and epecies ; and on- 
confonnity is probable. There is the eam»' 
condition betweou the Trematloc slates and tha 
Arenjg rocks ; and between the Bala and Caradoe 
beds below, and the lower LUndoNBrj «^-q<o. 
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There is a great break in speciGs in ail tbi 
examples, and probably nnconformity as Wf 
b it the unconformity is not seen. Between t 
Lower Llandovery and Upper Llandovery bf 
a break in life occutb, and marked uncouformit 
and between the Upper Llandovery beds a 
Wenlock beds, is similar evidence of a break 
euccession. The Old Ked-sandstono howei 
shows no sign of unconformity at the juncti 
where it Buccee<ls the Ludlow rocks at the top 
the Silurian, and no break in life though 1 
might be expected. Nor does any break 0( 
between the upper Umit of the fresh water 
red sandstone and the marine carbonif eroua r< 
in the Welsh country. The carboniferous n 
are usually conformable from top to bottom ; 
there is sometimes an unconformable succeaaiDU' 
Millstone grit upon mountain limestone, in 
Forest of iJean. There is a great unconfon 
between the Carboniferous rocks and the Pi 
mian. This makes a total of ten physical bri 
which are evidenced during the primary porti 
of geological time. 

There is a complete stratigraphical break, 
unconformity between the Trias and the Permii 
Near Ormskirk the new Red Marl rests unco 
formahly on the new Red Simdstone. There 
no visible unconformity between the Rhsetic b( 
and the Lias, which rests upon them, but 1 
change in life indicates a great break in ' 
uniformity of previous conditions. There ia 
complete unconformity between the Lias and 
overlying Inferior Oolite. But the chauye 
life to this deposit, and throngh all the succe 



ing divisions of the Oolites, ia such as may be 
aBsociated with, unconformity in adjacent areas. 
At the top of the Oolites there ia an insenailile 
jmssage from the marine Portland limestone to 
the Pufbeck beds. But since the Purbeck 
deposits include terrestrial surfaces, and are 
largely of fresh-water origiji, an unconformity I 
must exist in the south of England in this part I 
of the succession. The wealdeii beds may also 
be unconformable. But in the overlying creta- 
ceous series of deposits, the apparent unconfor- 
mity is an overlap on the older strata which gave 
increased geographical extension to the Hunstan- 
ton limestone and Chalk in the north, in J 
Yorkshire ; and to the Greensand and Chalk in I 
the south-west of England. 1 
There is no other physical break in this I 
country till that between the chalk and the I 
tfirtdary strata, which is partly bridged in Be!- I 
gium, and perjiaps entirely bridged over in North 1 
America. The upheaval of a succession of land 1 
surfaces in the tertiary period is evidence of I 
remarkable breaks in the sequence of deposits, 1 
and then a great gap^ unrepresented by strata in ] 
England, occurs in the middle tertiary period. I 
The manifest physical breaks in the area in I 
which the Bntish strata were deposited, are much I 
fewer than the breaks in the succession of life, I 
many ot which are evidently due to the way in I 
which life is distributed in successive zones in I 
depth. Therefore there has been no uniform I 
principle in distinguishing the strata from each I 
other by their fossils ; and more attention haa I 
been paid to the differences in life, t\ia.^ to 'iltu&fl 
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I drcumstancee hj which the differenoea 
^caused. 

In this country the principal changes in niEtrirurV 
Sfe occur (1) between the Silurian and Devonian 
ocks, though the changes in types of life appear ""I 
be uniniiwrtant. _ 

(2) Between the Primary and Secondary roeka H 
I tliere is a {^eat change in both the marine and j 
|, terrestrial life. 

(3) Between the Oolites and Cretaceous rocka J 
^ere is apparently an important change in the I 

■teTTestrial life, though the change in the marine | 

Tife is less marked. 

(i) The gap in the marine succession betwd 
the Secondary and Tertiary is very striking; f 
the gap in the terrestrial plant-life appears 
be small. 

It ia on evidence of this kind that j 
time ia divided into stages, ages, ant 
which record a series of transitions and bum 
sions, which the life of a limited jwrt of the g 
has undergone. Sometimes the diffusion of v(j 
wide species appears to have been as rem&rk| 
in the aeas of old geological periods, as j 
geographical extension of living species whic' 

I known at the present day. 



CHAPTER X. 

THK ARCIIEAN ROCKS. 

r The most ancient rocks are termed ArclH 
P'They consist chiefly of crystalline schists, j 



other crystaUine substances, such aa quartzite, 
limestone, graphite. Foi-merly they were g«ner- 
ally regarded as metamorphic. At the present 
day Bome writers do not believe that they are 
crystallized out of ancient strata, which were 
accumuhited in water. Nevertheless tliey show 
in many localities, and especially in the Lauren- 
tian rocks of Canada, two constituents which may 
indicate a stratified origin. One is the presence 
of layers of crystalh'ne limestone, which ia not 
known to originate in nalure, except by meta- 
moiphiam of limestone built up by organisms 
which lived in water. Secondly, these Laurentian 
rocks contain an amount of graphite, which has 
been, stated to be equal in bulk, if it were all 
'brought together, to the quantity of coal found in 
a coal-field. No source upon the earth for the 
carbon of wbi^h grnjihite consists is known, 
except the metfvmorphism of vegetable matter 
such as forma coal. Existing coal-fields show, in 
the formation of anthracite, what appears to bo 
a tmnsitional step between coal and graphite, for 
the percentage of carbon augments as the other 
gaseous constituents of coal are lost under the 
distilling action of pressure and heat. 

If the Arehean limestones and graphite are of 
organic origin, they would appear to have been 
origiDally beds of coal and limestone which con- 
sisted mainly, if not entirely of fossils. Therefore, 
the other constituents of these rocks, the schists 
which form the great mass of the country north 
of the St Lawrence, would aji^war once to have 
been sands and clays in which fossils may have 
been distributed as iheyarein more tccetilAe'jaEAa, 
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The estimated thickness of the Liiiirentiaiil^^| 
overlying Hiiron'aii rocks ia about 50,000 1^^| 
and in that thickness uo fossil ia found, un^^J 
the structure named Eozoon, canadense which ^^M 
been described from Laurentian Iim.eBton^^^| 
correctly iden tilled as nn encrusting Teef-build^^| 
foraminifer ; which its mode of occurrence in^^H 
rocks makes not improbiible, though the strucl^^| 
is paralleled in volcanic rocks. Such metan^^^ 
phism. of ancient aedimentB a]l over the ^i^^| 
mu«t be inferred to have obliterated all reco^^f 
of the earlv history of the earth. ^H 

The geological story commences at a comp^^H 
tively lato period, compareil with the unrecor^^H 
epochs which have gone before. Without a^^H 
an obliteration of a past record of almost infi^^| 
duration as compared with known geoloo^H 
time, it is inconceivable that processes of va|^^| 
tion, such as are now known to be in opera^^H 
can have given rise to the diverse types of ^^H 
which the oldest fossiliferoua rocks makekno1^^| 
The Archean rocks are widely spread onJ^H 
surface of Scandinavia, Finlaml and North-'^^^l 
EuBsia, Saxony, and Bohemia, and in Bavaria^H 
well as in the British Islands. Kocks of taSr^ 
class will probably be found all over the globe, 
. wherever there ia an opportunity of examining 
' the material upon which tbe most ancient foasili- 
feroua rocks rest. 

In the Western Highlands in Scotland, from 
Cape Wrath southward, the schists and funda- 
mental gneiss of that region are displaced by an 
incredible multitude of horizontal thursta which 
break them iip into parallel sheets, almost ; 
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well marked as planes of stratification, with 
which they were at one time confused. Among 
these crystalline rocks are included great thick' 
nesses of sandstones, and folded in among them 
occasionally are fosailiferous bands of limestone. 

Otber archaean areas are exi>oacd further Bouth- 
ward. The moat interesting are the crystalline 
rocks about St David's, in Perabrokeahire ; at 
the Longmynd, in Shropshire ; in the central 
axis in Curnar von shire ; and in Anglesey. In 
these most ancient British rocks, evidences 
appear to exist of contemporaneous activity of 
ten^strial volcanos, so that among the oldest 
British rocks, alternating with schists, are the 
rhyolite lavas of Bangor, Carnarvon, Llyn 
Padam, associated in some of these localities 
with agglomerates. The Wrekin and Ercal Hill 
make known rhyoIit«s of pre-Cambrian age 
which are associated with indurated volcanic ash. 
In the neighbourhood of St David's the rhyolitic 
lavas are in the same way associated with 
Tolcanic ash, interstralified in schists, the whole 
being affected by compression to which they 
have since been subjected. 

The British Geological Eecord begins with 
conditions which indicate volcanic outbursts, 
and the shallow water accumtdation of grits and 
pebble beds. As far as the evidence goes, similar 
conditions might exist at tha present day ; but 
the rocks have been modified from their original 
state by slow chemical 
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CHAPTER XI. 

CAMBRIAX AND OllDO\^CIA^' ItOCKS. 

Thf.RE is an unconformity between the pre- 
Cambruin and ('ambrian rocks, which implies a 
long interval of time, unrepresented by depodta 
in the localities which have been examined. 
The Cambrian rocks are of enormous thicknesa ; 
and in this coiintry are probably not less than 
30,000 feet thick in Wales and the border 
conn ties of England. 

There is difference of opinion as to the use of 
the term Cambrian. Some writers make it 
include four groups of rocks, named Longmynd 
rocks, !Me)iev{an beds, Lin;,'iila flags, and 
Trcmadoc slates. Others carry the name higher 
and make it include the auoceeding rocka named 
Arenig, Llanvirn, Lower Bala and Middle Bala 
and Upper Bala, which have also been grouped 
as Ordovician. 

The overlying strata, termed May Hill rocks, 
the Denbighshire grits, Wonlock and Ludlow 
beds, and the Downton Bandstone series, are 
combined to form the Silurian group. 

From the physical history of the deposits, 
there is ground for dividing the rocks in this 
way, but from consideration of tlie life they 
contain, the whole might well be combined, and 
grouped together as ten successive series, with 
ten distinct fauna, wliich more or less resemble 
the life of similar natural history provinces, 
superimposed on each other, and preserved suc- 
\ in sediments in the same area. 
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At first the old rocks which comprise the Long- 
mynd groups, atid the Harlech and Lliitibens 
slates, which rise 1600 feet above the sea, in the 
Longmynd Hilla in Shropshire, consist of slates, 
sandstones, grits, and congJomeratea ; with very 
few fossils. The water-worn pebbles in them 
prove dei)osition under ancient shore conditions ; 
and they are associated with beds which show 
the ripples of waves, runnels of rills on the 
shore, ind.-rlacing cracks formed by the heat of 
the Bun, prints of raindrops, and burrows of sea- 
worms closely allied to the living Arenicola, 
Few fossils have been found in the Lougnynd, 
They are scarcely more numerous in the Bangor 
country of Carnarvonshire. There the rocks are 
represented by green and purple slates, which 
stretch from the l>anVa of the Ogwen through 
the lake of Llanberis, and the Peiii'hyn slate 
quaiTies. In South Wales, in the section near 
St David's, the interest of these rocks is greatest. 
The conglomerates and sandstones found there, 
with red, purple, and green slates, appear to be 
on the same geological horizon as the Kethesda 
and Llanberis slate quarries. Towards the 
base of this group of rocks are found two genera 
of fossils named Lingulella, and Disdna, which 
may be regarded as having survived through all 
suteequent ages of geological time to the present 
day without undergoing any notable chat 
nlthough the surviving shell is named Xin; 
instead of Li»gulella. The lowest beds in wl 
they occur, the Caerfai group, are succeeded 
the Solva group, in which genera of the extini 
order of Triiobites appear in profusion. 
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Here occurs the oldest known ajTonga r 
Profospimgia, and a epecies ia mot with of ^ 
extinct genua of Pteropod named TJieea, \ 
BurviTed in the ancient Beaa for a long tim 
This assemblage of life, the earliest as yet kno* 
in the earth's history, consists of types whicli a 
in no sense embryoiuc. It distinctly points 1 
a. line of similar ancestors which has yet to \ 
discovered. With the succession of the ov«j 
lying Menevian beds, and the succeeding divisiot 
of the Linguist flags and Tremadoc slates, a fau 
of 185 species of fossils becomes known in whi 
some of the sheila, ajiedes of the genera 
Brachiopodn named Linrjula and (hikis, i 
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Oholella jkiss up into the overlying Arenig i-ocli;^ 
With the Menevian beds the most anciffij' 
Echinodcrm appears. It is a far-off relativa j 
the existing stone-lines and sea-cgga. It belong 
to the extinct group of Cystidea, and is i 
FrolocystUes. The most ancient bivalve ehefi 
known are found in the Tremadoc rockfl i 
Wales. Thoy can be closely paralleled at 1 
present day. Modiolopds ia probably iiDthi|l 
but Modiola, the horse mussel under anoll 
same; and Gbjptarca, PaUmrca, and Ctenod 
are only forms of the living genua Area, in w 
the shell has not developed the habit of grow: 
in depth along its hinge, as in most of its livi 
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resented : ^H 
ed by the ^^ 



representatives. Ptaropods are well represented 
the univalve Gasteropoda ai-e represented ' 
extinct genua Bellerophm, which appears to 
a symmetrical shell abundant in the primary 
roc KB, probably allied to the living PleiaroiomMia. 
The group of many-chambered shells named 
Cephalopoda is represented by allies of the 
Nautilus, one of them the straight horn Orlhoceras, 
and another C^oceras, the curved horn. In the 
lower Tremadoc rocks the oldest known starfish 
is found, in a si)ecieB of the genus I'al(eadeiina ; 
and the oldest known Crinoid or Stone-lily, in a 
species of the genus BendTocrinvs. 

The great Arenig series rests conformably on 
the Tremadoc slates. It forms Cader Idris, the 
Festiniog Mountains, Aran and Arenig. It 
includes a great group of roofing slates worked 
in the quarries of Festiniog, and an immense 
quantity of volcanic ash. The total thickness of 
the ashes, agglomerates and lavas seen in Cader 
Idris is between 5000 and 6000 feet. The 
throats of the ancient volcanos which contributed 
so largely to form the Ai'enig rocks in North 
Wales, were placed near Dolgelly, and Aran 
Mowddwy by the late Sir A Eamsay. 

The Cambrian period was an epoch of 
vigorona volcanic action. The products of the 
volcanos are seen in the Skiddaw slates of the 
Lake district, where about 12,000 feet of volcanic 
ash and Andesite lavas, of Honister Crag and 
Seathwaite, mark the beginning of volcanic action 
which continued through the accumulation of the 
Borrowdale series of rocks. In North Wales 
Ebyolitic lavas contiiuied to be ejected, to. \!asi! 
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Bala period whith followed. They are : 
about BettwB-y-coed and the Conway 
Hhyolitic lavas arc seen in the Glydera, or 
north side of the Paaa of Llanboris, near I 
Getert, and about Snowdon. 

The most remarkable feature in the life of thetj 
upper Cambrian rocks, is the oxtraordinf 
abundance of the extinct group of GraptolitK 
They are found not only in South Wales »nc 
Lake District, but in as great a diversity of f i 
and complexity of branching structure in Nor 
America. 

Trilobites increase in number of genera e 
species. The genus Pleuroiomaiia, a Gaatero 
only known at the present day from living b] 
in the West Indies and vergiug on extir 
appears for the first time in the lower J 
rocks at Llanvirii, near St Davids. In this peru 
another Ga,stero^d £uoviphalus, which continu( 
to be important during the primary perio ' 
found for the first time. 

Several corals make their appearance in t 
Llandeilo rocks. They are the most auci^ 
representatives of the group in Britain. Amoi' 
them is the chain coral Hali/aiks, and a spei 
Favosiles, both of which are important ^ 
in the primary rocks. The Crinoids incre 
number. 

Several genera of Brachiopod shells appear, t 
of which, Mlti/nchonellii and Crania, afterwards ll 
come much more important and still £ 
while the genua Lepttena, which now first a^ ^ 
lives on till the lower part of the secondary ej 
of time. The common gemia Mytilus, the ec 



mussel, is first foimd with the close of thai 
Cambrian period. Cephulopods become moreT 
niimeroua and varied, and Cystidians are repra- 
sented by a Dumber of genera. The appearance 
and abundance of Graptolitea, and tbe inureuse of 
Trilobites in number^f genera and species are 
the chief changes which occur in the life of t' 
Cambrian period of time. 

The Siluri,,,,. 

The Silurian rotka extend Unconfoi-mably over I 
the Cambrian Strata. Between the Lougmynd I 
and Weulock Edge, they cover up the whola \ 
series of the Cambrian strata, resting upon their ^ 
upturned and denuded edges. But when they 
are traced into North "Wales in Deubighahire, 
the evidence of Silurian unconformity is leas 
marked. 

The Silm-ian roets typically include the May-j 
hill sandstone, the Wenlock rocks and the I 
Ludlow rocks. The May Hill series, so named! 
from May Hill in Gloucestershire, consists chieHya 
of Bandstones and conglomerates, yellowish anal 
brown with oxide of iron, about 1000 feet thic^.J 
covered by the Wenlock group, which in th^ 
aouth is formed of shales and limestones, and ioj 
Denbighshire chiefly of sandstones known as thu 
Denbigh grits, which overlie the Tarannon shaleB.l 
Above these rocks are the Ludlow beds, which 
also include shales parted by the Aymestry lime- 
stones. The Silurian group of rocks is capped by 
the Downton sandstone, which makes a transition 
in rock character to the lower beds of the old red J 
sandstone. These Wenlock and Ludlow 1 



are the oldest British strata which include 
sidemblo beds of limestone. The exposure 
Wenlock iimeatone at the siirface forms the ' 
range south-west from Coalbrookdale, known 
Wenlock Edge, 

These beds indicate shallow-water condilii 
bv the May Hill sandstone at their base. Tl 
shales, which are only hardened muds, were 
sumahly deposited further from shore ; v 
^^JikS limestones, formed of corals, shells, 
^^^^ -. '■ ■ criuoids, 




mont, but i 



formed in d 
water. 

The Wenlodi 
limestone 
eludes a li 



. ,„J| corals, 
moiuiy the first 

uitr IDB wiiuio uma. dlcatlOn 

ivith in geological time of a British coral r 
though many of the beds are largely comp< 
of Encrinites, and some of Brachiopod sh 
showing the same conditions as are afterwards n 
peated in the Carboniferous limestone, which | 
locally formed of many different orj 
There are twenty-five genera and seventy-K 
species of corals in the Wenlock rocks b' 
And twenty new genera of crinoida appear, tltj 
group being represented by sixty-eight species ^ 
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the Wenlock limestone. This limestone is fre- 
quently thin-bedded, and alternates with shale, 
often green, as ia well Been in the dome-sliaped 
espOBiire in the Wren's Nest, nejtr Dudley, 
it is covered by coal measures without any inter- 
vening rocka. The thin beds of limestone both 
- in the "Wenloclt and Ludlow beds, thin out, first 
becoming noduhir and concretionary, and then 
disappearing altogether. 

In Wales and the adjacent parts of England 
the Wenlock rocks have been very little meta- 
morphosed, and are in this respect in marked 
contrast to the cleaved slates of the Cambrian 
period. 'I hey have probably a wide distribution 
under the secondary atmta, and were met with 
below the chalk and Ganlt at Ware, in a deep 
boring for water. The characteristic fossils are 
present. With the exception of the remarkable 
crinoida, corals, and brach:opods, there is nothing 
very impressive in the character of the Silurian 
fauna. The remarkable Crustacea Harypterus, 
Pterygotm, and Hmiiiusjiis first appear in the 
Wenlock rocka. 

The oldest fishes in Britain are met with in the 
Ludlow rocks, represented by no fewer than ten 
species. Among these ie the Buckler-headed 
Scapkaspis in the Lower Ludlow, while in the 
Upper Ludlow are found Cephalasph, afterwards 
known in the old red sandstone, together with 
Pterasms, Aachevasph, Oitclius, and othiT genera. 
The fiurypterida appeai-a to have readied its 
maximum development in the Upper Lndlow 
[leriod. There were probably more fishes living^ 
then than are yot known, since the Ludto-w \*» ' 
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bed, whicli is found all round the Woolhope are 
at May HiU, and in many other localities, consist 
largely of the remaina of iishea matted togethi 
witn fragments of the great Crustacea, i 
plants, and some shells. The Downton c 
stones and Ledbury shales especially abou 
with the remains of Eurypteras and Pteryga 
With the Ludlow beds, trilobites become 1 
important, and genera which occur in the appi 
most Ludlow beds are also met with in t 
Devonian rocks. The wide-spread crustace 
type, EuTi/plerus, is largely represented in S« 
land. All the compound graptolites vanish, al 
the group disappears with a few simple apeci 
in the lower Ludlow beds. Ludlow rocks yie 
a considerable numlrer of star-fishes, partly fro 
Westmoreland, partly from Ludlow. Orthocei 
is known from a multitude of species ; and thai 
are allied genera. 

The organisms known in the lower Pal^ 
rocks make up an enormous fauna, with MuU 
tudcs of genera of sponges, corals, hydrozQ 
crinoids, eystidians and starfishes, trilobite 
phyllopods, eurypterida, and every group 
mollusca, as well as many fiahea It is in tl 
period of time that the "sea-eggs," irith flexih 
and elastic enveloping shells make their fin 
appearance in British rocks, in the genus .Pail 
chin-US. They are of spheroidal form, and coi 
posed of numerous plates in rows which overlj 
each other obliquely at the edges. The group 

always scantily represented in the | — ' ^ 

deposits, but still survives in the dee 
where it i^ represented by the genua Caleeri 
dredged ia 443 fathoms of ws-tei. 



^F Trilobiles. 

Trilobitcs are a group of Crustacea, entirely 
extinct, which apjiear in the oldest stratified 
, rocks, and survive till the close of the carbonifer- 
^ period. The group is characterised by having 
»body divided, first into a head-shield, termed J 
: cephalo-thorax, which may theoretically I 
■net of five segments of the immature animal, 1 
ided into one plate. In this shield, in a/ 
Ure between the central part called the 
^Ila and the free cheeks, tho eyes are placed, 
1 tho eyes have a recognisable development. 
e trilobitea appear to be blind, being without 
On the under side of the head is the 
, from which the long-Jointed antennas 
jnd forward in a ganiis named Triarthrus. < 
The middle part of the animal, known as the I 
abdomen, consists of a number of separate over- 
lapping plates, like those in the tail of a lobster, 
which are c-apable of moving fretly upon each I 
other, and are sometimes at'ranged so that the | 
animal can roll into a ba.ll, like the living terrea- 1 
trial crustacean Onkcus, known as the woodlouse. 
The number of these joints in the abdomen, 
termed somites, varies from two in jignoslits, to 
about twenty in genera like Paradoxides, which is 
one of the oldest, and Aulacoplewa, which is a 
Silurian type. Thirtlly, there is a tail-plate, 
known as the pygidium, which is sometimes A 
marked with external ornament, cori'esponding ] 
to that of the separate pLites of the abdomen, 
and sometimes smooth. The eyes are compound, I 
and tho individual facets can bft seewwWa a.X'soa 



and although generally ^uped together i 
raiaed in h crescent, as in the genus Pltaco 
appear sometimes to be scattered, so a^ 
much of the lateral plates of the cephalothora 
as in the genus Trinudmis. The intestine j 
Bometimes preserved. On the under side of t 
body numerous limba were developed. 

On the he;id, besides the antfinnBe, there ^ 
appendages for maatii 
tion, but only one of th« 
is preserved. The jc ' 
limbs on the trunk o 
of two parts, one for 
motion, and the otl 
gill ; so that they appe 
to belong to the leaf-fc 
group of Crustacea tern 
1 A PhyUopods, notwithst 
ing their remarkable i 
ternal resemblance to t 
king crabs, towards whi 
they approsdmate 

The limbs gradne 

diminish in size from fr 

TKiiBTHKBs. to back, where the hindt 

Fio. 11.— A TriiDbiiB showinu most are minute and r 

eetan mniEnoffi. mcutary. 

The two longitudinal grooves make the t 

lobes of a Trilobite. 

The most ancient Trilobitea include the e 
plest and some of the most complex. They v; 
chiefly in the number of segments ; the form a 
size of the cephalothoras, and the pygidium ; 
the elongation of the pleura) of the abdomen; 
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the external ornament of the carapace, which 
sometimes takes the form of spines upon all parts 
of the body. As the Trilobite grows it is said 
to shed its shell like other Crustacea; and with 
this growth there come to be additional plates 
added to the abdomen, so that there is a sense 
in which the ancient types, like Paradoxides, may 
be regarded as the most complex. 

Among the Lower Cambrian genera are Para- 
doxides, DikelocephaluSy Olenus, Conocon/phe. In 
the middle and Upper Cambrian or Ordovician 
rocks, the common genera include Ogygia, Asa- 
ph us, Trinucleus, Lichas, Acidaspis. Phacops 
ranges through the Silurian and Devonian ; and 
lUaenus ranges from the Upper Cambrian to the 
Silurian. 

In the Silurian, Calymene^ Encrinmiis, Phacojp.% 
and Honmlonotus are characteristic genera. 

In the Devonian rocks, Phacops, Homalonotus 
and Brontms are commonest. 

In the carboniferous, Phillii)sia is the best- 
known genus. 

CHAPTER XII. 

OLD RED SANDSTONE AND DEVONIAN PERIOD. 

A GREAT unconformity is inferred to divide the 
Silurian rocks below from the overlying strata. 
North of the Bristol Channel there is no evidence 
of marine origin for the deposits which appear 
to have been accumulated in great lakes upon a 
land surface. South of the Bristol Channel, and 

G 
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eastward through France and Germany, the 
rocks which follow upon the Silurian are en- 
tirely marine. They are remai'kabla for the 
circumBtanco that- the lowest beds exposed give 
evidence of shallow-water conditions in con- 
glomerates and sandstones, seen in Korth Devon 
and West Somerset, in the beds known as the 
Foreland and Linton group. In South Devon 
the lowest beds are purple slaty rocks. The 
middle or llfracombe group, though mainly 
formed of slaty rocks, contains n little limestone. 



Sgdlh Wales anil GloncaalEnihlre, 

The limestone becomes more abundant in £ 
Devon ab Plymouth and Torquay, often tak| 
the form of great coral reefs and someti:' 
thinning off into the shales. The upperm^ 
Devonian known as tiie Pilton group in N<^ 
Devon becomes sandstone. In Cornwall th:^, 
rocks are represented by limestones and slal 
at Petherwyn. 

The striking feature of these rocks is 1 
remarkable change which takes place in i 
marine life. The multitude of genera ' 
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had survivod more or leas conapicuouslj' from 
the Gambiiaii to the Siluiian time becumea 
replaced by new sets of types which are sub- 
stantially the same as survive through the 
marine beds of the carboniferous jieriod. Some 
layers are characterized by a few peculiar genera, 
such as the coutiuent^l deixisits in the Middle 
Devonian known from the Brachiopod Slringo- 
cejAalus, as Stringocephalus limestone ; and from 
the coral Calceola as Calceola slate, which give a 
distinctive charucler to the Devonian period. It 
ia in the Devonian age that we arc particularly im- 
pressed with the abundance on the earbli of types I 
of life which enter largely into the existing fauna. ] 

Fishes have hitherto been few in number, J 
but some of those remarkable fishes PUridi/ceys I 
which occurred at the top of the Ludlow beiis, J 
together with Coccoskiis and the great sealed j 
fringe- finned Holoptychivs, are found in the | 
marine Devonian beds of the continent, as well I 
as in the old red sandstone of Scotland. I 

In this period commence several marine uni- I 
valve sheila such as Natica, Netita, Trochvs, I 
J'ermetus, which are so important in the sea-shore I 
life of the present day. I 

They are associated with two very interesting, a 
Cephalopods, NaulUus occurs accompanied by I 
the remarkable Nautiloid shell named Clymenia, I 
which has a fold in each septum which divides 1 
one chamber from another, similar to the fold i 
which ia observed in the septa of many tertiary I 
species of Nautilus, which arc similarly com- I 
pressed from side to side. Those compressed ter- 1 
tiary species have the little tube named the j 
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liliphuiicte which passes through the septa placed 
in a more inward position thiin is uburI in 
Nautilus. This genus Ch/menia has the Biphimcle 
as far inward as it could be, so as to be in 
contact with the previously formed coil. The 
genus is thercforo in marked contrast to another 
remarkable fossil uamed Qonuitvtes, in which the 
lepta are angularly folded several times, and the 
ipbuncle is as far outward as it can be. Gronja- 
titeB is the antecedent foi-m of the great group 
of Cephalopod shells allied to Ammonitfs which 
.1b found in the Secondary strata. 

On turning landward to the lacustrine deposits 
Old I^d Sandstone age, the first of the great 
£ea in tho British area on which the old red 
ind-stone was deposited, is that whirh extends 
om Goalbrookdale southward over Hereford and 
Monmouth, and westward into Pembrokeshire, 
The sandstone accumulated in it is estimated 
to be about 8000 feet thick in Hereford and 
Brecon ; and in Monmouth it includes thick 
conglomerates, full of quartz pebbles, which may 
be compared with those which formed the 
Millstone Grit, in a later period of time. The 
lower part of this area of tie Old Eed Sandstone 
is termed the cornstone group. 

As might be expected there is an overlap of 
these beds upon the Upper Cambrian, which is 
well seen near Caermartheu. 

Some of the marine fossils foiind in the De- 
vonian of North Devon are also met with in 
Pembrokeshire. Hence there is some ground for 
believing that the old red sandstone, which is 
assumed to have been lacustrine, communicated 



■with, the Bea bv iin estuary. This may account 
for tlie OLCUirencc of some fisbea indifferently itt j 
the manne and fiesh-water beds, which are now ] 
separated approximately by the Bristol Channel. 

All the other old red sandstone deposits nrs I 
regarded aa formed in lakes, chiefly in the loi 
old red sandstone iierJod. These supposed lakes 
hiive been named from the geographical regions 
which the rocks occupy. First, J.ake Cheviot 
inclodes the Cheviot Hills with considerable 
tJucknesses of volcanic rock of the kind numod 
Porphyrite or Andesite. Further iioi'th a great 
lake, termed Lake Caledonia, appears to have 
extended southward from the Grampians over 
the Firth of Clyde into the North of Ii'eland. 
Third, the lake of Lome covered part of Argyle- 
ahire from Loch Awe, and may have extended 
northward in the line of the great glen. Further . 
north still is the old red sandstone reji^on beyond I 
the Grampians, which includes Caithness and I 
Sutherland, the Orkneys and Shetlands. The I 
lake ia numed Lake Orcadie. It is filled with 1 
Ctmglomorates, red sandstone and grey flagstones^ | 
with occasional thin -bedded limestones, some^ 1 
times bituminous in the upper jwrt. I 

In these beds there are many terrestrial plants,, I 
some coniferous, and some, such as LepidodeTidrm I 
and Cahmiles, like those of the Coal, and similac I 
to the plants found in the upper Devonian rock* I 
of Uorth Devon, probably derived from the land fl 
to the north. Pterygotus, whith had appeared> I 
in the marine Silurian beds, is well known lit I 
the old led sandatune of Scotland, where it hatt I 
been termed by quarrymeii "foa6Us8m.'§\ini" I 



Thft fishea are of estremo interest. First, there 
is the remarkable extinct group of buckler-headed 
fishes represented by Pleridithfis and CepkalaspU. 
Secondly, the more remarkable series of fringe- 
Gnned fishes termed Crossopterygidie, which are 
represented at the present day by Pdypieras ^^ 
the river Nile. These fishefi are covered 'wi^H 
bony armour, and include a great number :^H 
types such as Osledepk, Holoptijcliius, Dlpleitis. ^M 

These Ssbes do not appear to be in a^H 
eense embryonic. They have great importaiMH 
in the primary period. One of their living ^H 
preaentatives, the Ceralodiis, has, in addition to t^H 
gills which are common to most fishes, a. lu^H 
which is adapted to breathing air under tern^f 
trial conditions, as tboiigh it were poasibte ^^H 
some fishes to have developed terrestrial hali^H 
of life. TM 

Another interesting circumstance conoeol^H 
with the old red sandetoDo is the occurrra^H 
in it, in the Irish locality of Kiltorkan, and n^^| 
Caerlcon in Monmouth, of a shell, which has m^t 
been distinguished from the common pond mus^H 
named Anodontd. ^H 

Beds of the same age in Canada make kno'f^H 
among evidences of terrestrial life, large iuseoi^| 
and remarkable forms of myriapode, in '^'M^l 
there is only one pair of legs developed on ei^H 
Gegment of the body. ^^H 

The accumulation of the enormous thicknea^H 
of the old red sandstone deposits presuppodH 
immense dimensions for a lake in which tedimes^l 
three miles thick could be piled up, and a liu|j^| 
area of denudation to furnish it with sedimentuH 



CHAPTER XIII. 

CAEBONIFEROUS. 

The carboniferous period of time has been eo 
named because it is the principal geological epoch 
in Britain in which coal occurs. Tho rocks rest 
on the Old Rod Sandstoue in Scotland, and ou the 
Devonian in the west of England. They are un- 
conformable to the older rocka in soma districtB, 

The carboniferous period, like tho preceding 
epoch, gives evidence of conditions which are in 
part marine, and in part terrestriaL In the 
southern area, it is the marine condition which 
is chiefly developed in the lower part of the 
formation. Whereas, iu the northern area, terres- 
trial conditions are developed towards the base. 
In travelling southward from Scotland over 
Britain the terrestrial beds come to hold a higher 
and higher position among the carboniferous 
strata. Tho formation is usually taken to in- 
clude foiu' or live chief divisions, which, com- 
mencing at the base, are reckoned as Lower 
Limestone Shales, Carboniferous Limestone, 
Yoredale beds, Millstone grit and Coal Measures. 

The first point of interest of this epoch, is in 
the circumstance that in Scotland, the Calciferous 
Sandstone, which attains a thickness of 3,500 
feet, lies at the base of the formation, ao that 
the sandstone conditions oE the carboniferous 
period, succeed tu the sandstone conditions of 
the old red sandstone. There arc occasional 
beds of limestone and shales, like tho Burdie- 
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houee limestone in the upper part of the ^ou^. 
The foesils include land plants. There is evi- 
dence of considerable volcanic activity, especially 
in the tuiTs and andesite lavas associated with 
the calciferous period, in the Gariton Hills, north 
of Haddington. In the shales are one or two 
coal seams ; and the shales themselves are some- 
times so bituminous as to be a valuable source of 
mineral oil. The terrestrial conditions, which 
commenced in this way in Scotland, appear never 
to have entirely ceased in any of the areas in 
which the coal is found. There is therefore no 
great break in Scotland in conformity of physical 
conditions with the older terrestrial and laeustriSH 
conditions of the old red sandstone period. j|^| 
the Calciferous Sandstone is followed southwas^H 
it becomes represented, first by the Tuedn^| 
beds of Northumberland and Durham, which s^H 
alternations of sandstones, shales and imp^^H 
limestones. There is no Old Eed SaudstqnH 
below the Carboniferous rocks in the North ,-^1 
England, and from the Cheviot lake to Cca^| 
brookdale, the Old Eed Sandstone is doubtF^j^H 
represented. In the South Wales coal field, a^^| 
the Bristol coal field, and the country of ^^| 
Mendip Hills, the 400 or 500 feet of Loi^H 
Limestone Shale, with the bone bed at or aboj^H 
the base, consists chiefly of alternations of Un^H 
stone and shale, more or loss charged with fia^H 
remains. There is little to separate the mar|^^| 
life of this period from that of the Carbonifer(^^| 
Limestone. ^H 

The second division of the carboniferous rocB^| 
known as the Carboniferous Limestone seriq^H 



1 the Seotch coal lields with eand- 
stonea, eUalea, fireclays, coal beds and a, thin 
bedded limestone. The Scotch beds are grouped 
into the lower limcatone serieB, the odge coal 
series, and the upper limestone series. The 
middle, or edge coeJ division, is about 600 1 
thick; and includes among the sandstones and | 
shales twenty-six seams of coal, now highly in- 
clined, which grew where they are found, and 
each is more than one foot thick. The coal 
beds are not entirely absent from the upper | 
limestone series, bo that the representative of the i 
Carboniferous Limestone in Scotland ia import- 
ant, as indicating teiTestrial conditions which are 




not quite sharply m;irked off from those of the 
Calcif erous Sandstone below. 

Travelling southward a remarkable physical 
change takes place. The carboniferous limestone 
consists of immerous alternations of limestones 
with shales, which are well exposed in the dales 
of Yorkshire, where they are cut through. by the 
rivers draining eastward into the North Sea. I 
Above the limestone group, which is known as I 
the Scar Limestone or Mountain Limestone, there I 
is a superimposed series termed the Yoredals 1 
beds, which are well represented in Northumber- | 
land, Yorkshire and Lancashire, and are thic'biii&J 
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on the west side of the Pennine chain. TheM 
beds are iwirlly sandstone, termed Yoredale griU 
but mainly BQalea, with impure limestone ; ■ 
that they term, essentially, an upper division M 
the Carboniferous Limestone in the North % 
England. In Derbyshire and Flint the carboM 
foroiis limestone attains an inunenee thicknefl 
And then southward, in the West of England ttfl 
South Wales, it is reduced to 1000 or 2000 tcM 
with a capping of Upper Limestone Shale, whn 
represents the Yoredale beds, I 

Where the limestone is well HeveloiJed, whetM| 
in the west of Yorkshire or Derbyshire ^ 
Bristol, its organic origin is uaimlly evident. ■ 
is formed in some places of the remains m 
Encrinitea, in others of Corals, occasionally M 
Bracbiopod shells, while there are a few localitiw 
especially in the Bristol area, where the linM 
stone is organic in the same sense as the Oolin 
are organic, consisting of rounded grains cementM 
together which appear to have originated in ffl 
growth of maiiiio Algce allied to existing Nofl 

Fossils of the Carboniferous Limestone. m 
The Carboniferous Limestone being in pa^a 
coralline limestone, inchides a large number 9 
corals. Probably the commonest genera founclfl 
Europe are Ampl&eus, Cyathophyllum, ii(ft<wfro(^B 
and Zaphrentis. They are numerous in apecS 
and abundant in individuals, and are aU fl 
extinct types. 9 

The Echinodermata are largely representcM 
and probably in no deposit is there a gr«u9 



number of crinoida. The principal genera are | 
Actinocrinua, CyathocritiUB and Plutyciinus. i 

The Bhells, however, are even more diatinctive. 1 
The two genera Produchis and Spirifera comprise I 
more th;in half the species of Brachiopods. f 
Mhyncko)ieUa is well represented in association i 
with Terebmlula. The latter two survive all \ 
auDsequent revolutions of the earth. 

Among the other 
shells, the bivalves 
Pinna, Lima and 
jtnoviia, Avicula, 
Peclen are associ- 
ated with Modiola, , 
Mytilus, Area, Solenr { 
opsii, Solomya, types 
which appear to 
survive to the pre- 
sent day, I 
mon on our *>wn p^^ j|_^^^^^^^ ^ ,^^1^1^ ^^^^ 

coasts than 111 the caUHnifviuiuUmegtooe. 

carboniferous rocks. 

Such univalve or Gasteropod shells as Chiton, 
Litiarina Nallca, Faklla Fkurotomaiia, Tunilella 
and TiiTho are surviving genera which are found 
in the Carboniferous Limestone. These are not 
always the genera richest in species. Aviculo- 
peoten, which ia regarded aa extinct, has more 
species than any other bivalve ; and JEuomphalus, 
also extinct, is one of the boat represented genera, 
of gasteropoda. 

Fishes abound, the cartilaginous fishes, or 
sharks, appear curiously to parallel both in their 
fin defences and teeth, the shaTka "w^iiOi^ ^t^ 
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subscfiuontly fomid in the Secondary ro 
The ganoid fishes are also well represeuted. 
a group they are unlike the types wliich lived ii 
the old red sandstone time. 

MilUlone Qrit. 
This rock, mainly formed of quartz grainy J 
a shallow-water deposit, which of ten gives evidt 
of current bedding, and sometimes divides a1 
planes iu which the mineral mica is abundan 
deposited. There is perhaps no good groui 
separating these rocks from the ovenyinj 
measures ; anc 
siiiidatones v 
they contain ar 
more important th) 
those kuown a 
Pennant sandstom 
in the coal measut 
of the We: 
„, England. They ] 

measures 

south in the character of their sandstones j 
ironstones, and they yield, in various loc 
some thin beds of coal. 

In Scotland this third division of the e; 
ferous group of rocks, ia named the Moor l._ 
Ita only difference from the Millstone Grit, if 
containing marine fossils. But this condit 
probably only indicates that the lacuatr 
basins, ]n which much of the deposit may hf 
been formed, were sometimes open to the s 
Southwaid in England, the Moor rock 1 
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aa the MillBtone grit, consists chiefly of alter-^ 
nations of sandstone and shate. It is only 
50 feet thick in Liecestershire but thickens in 
the west. In Northiunberhind it is 400 feet 
thick. In the Forest of Dean it is leas than 500 
feet. It is 1000 feet thick in the Somersetshire 
coal field. From this deposit a large part of the 
- flagstones of Britain is obtained. It forms the 
wildest scenery of the western side of the Pen- 
nine Chair. This is due to the succession of the 
four principal beds of grit which rest upon each 
other in successive terraces, with the thick kinder- 
scout grit at the bottom, and the three less 
important grits above, which are all divided from 
each other by shales and sandstones. There are 
many thin beds of coal in the Millstone Grit. 
None of them are worth working, so that the 
coal miner knows the deposit in England as the 
Farewell rock, below which coal is not to be 
expected. The existence of the Millstone Grit 
indicates an upheaval of the CarboniTerous Lime- 
stone sea, by which the conditions of physical 
geography became similar in England to what 
they were in Scotland. Such an upheaval exposed 
the uplifted rocks to denudation, and probably 
furnished the material out of which the millstone 
grit sandstone was made. 

The thick deposits in the south of England are 
near to the areas in which the thick masses of old 
red sandstone are found. It ia possible that such 
a canse has governed the thickness of the deposit, 
though ia the west of Pembrokeshire the Mill- 
stone Grit is oidy 300 feet thick : and it is 
difficult to see in areas now exposed any source 
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for the Kinderacout grits, except in such andont 
roclw of Shropshire aa form tho Longmynd, and 
the Donljighahire grits of North Wales. Deni^ 
dation of the original materiala from which h 
ancient rocka as those were derived would ba4J| 
made thc^c sandstones. 

The Coal Measures. 

The rock* which yield coal are i 
of Randstonea, and shale, ironstones, fire clays a; 
coal seams, which are repeated over and c._ 
again. They thicken from Northumberland souq 
west to South Wales ; chiefly owing to i| 
crease in quantity of the eand. In the nort^lj 
England the thi[:kDe3B is 1500 feet ; in the a 
west in Wales it is 1 1,000 feet. 

Fire cliiys are old Boila of the carbonifer 
land in \Thich the roots of forest trees often stana 
vertical, as they grew ; showing that the coal was 
in moat cases a peaty growth, like Irish bogs, due 
to the fall of forest trees, and the accumulation 
of vegetable matter where tho forest trees had 
formerly grown. In South Wales scores of forest 
trees of the kinils named Sigillaria, and LejAdo- 
dendron may eomctimes be seen crushed Hut like 
boards, piled one above another in the positions 
in which they fell, before they became malted 
and compressed into a solid mass. 

In some cases, the coal growth has been com- 
pared to the American swamps and canebroaks, 
where the girdle of surrounding vegetation filters 
the muddy waters, so that only clear water 
reaches the vegetable matter in the enclosure. 
There is no doubt that carboniferous land sur- 
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faces were constantly undergoing depression of 
leveJ, like the Deltas of rivers such as the Po, 
the Mississippi, in many of which a succession of 
land eurfaces has been found one below anothei^ 
indicating accumulation of sediments which are 
similar to the coal shales and sandstoaes and 
resemble them, in the intevcalation of vegetable 
growths between layers of mud. These depres- 
sions dui'irig the growth of the coal often appear 
to have been partial and local. 

In the Dudley coal field the 1 0-yard seam is 
found, which is the thickest coal bed in England. 
"When it is traced to the north, it subdivides 
into nine seams of coal, each having its own bed 
of under cliiy, on which successive forests grew. 
At Essington the nine beds preserve the thickness 
of the one bed at Dudley, though they have 
become separated from each other, by wedge 
shaped layers of Eandstones and shales, which 
have an aggregate thickness of 420 feet. 

The Dudley counti-y is also interesting among 
English coal-fields on account of the volcanic 
eruption, which appears to have taken place 
diuiDg the carboniferous peiiod ; for the l^salt 
at Kowley Eegis, which was ejected through the 
coal, is in some places in the condition of cinder 
and ash j and this appears to prove that it was 
ejected at or near the auri'acc. Volcanic out- 
bursts are comparatively rare in the coal of 
England. In the Edinbui'gh coalfield the 
volcanic eruptions are the most impressive 
feature of the deposit. The layers of volcanic 
ash, and vesicular lavas, such as may be seen ia 
Edinburgh, at Calton Hill; prove the outbursts to < 
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have heen contemporaneous with the sedimenta. 
Eegions of volcanic, activity are commonly the 
scone of changes of level of land, such as the coal 
strata demonstrate. 

The layers of coal may be compared to the 
growth of peat over the flat lauds of Holland. 
The sea sometimes burats in, as when the Zuyder 
Zee was formed, so that marine beds with marine 
shells, rest upon the terrestrial growth. Such 
catastrophes occurred in the Dudley coa]-fie!d, 
and more evidently in that of Coaibroolc Dale. 
In the lower part of the coal measures is the 
layer of clay ironstone known as the Pennyatonej 
and in the upper part is the layer known as the 
Chance Peunyatone ; both of these are marine 
deposits with marine fossils, like the shellii 
Gonialiles and Aviculopecten, which had not been | 
aeen since the Carboniferous Limestone was i 
deposited. They were still eitisting not far 
away ; but might have been thought extinct, bub 
for these incursions of the eoa. 

There is no means of judging whether tho coal 
or the intervening sediments occupied the longer 
time in forming. The total thickness of the coctl 
in all the seams added together, varies from about 
100 to HO feet. fl 

The properties of coal probably vary with the 
nature of the juices of the living plants. Thus, 
when starch is burnt it gives a vesicular coke or 
cinder. When giun arable is burned, it forma a 
hard dull coke like an imperfectly coking coal. 
When cellulose is burnt, it forms a coke which 
docs not cohere, like the substance known 
mother of coal. Henco differences which cc 
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show ill burning may depend upon tho original 
substance of the plants. 

The first important variety of coal Anthrjcite, 
'which contains the largest percentage of carbon, 
is clean to touch, and burns with little smoke. 
In some localities anthracite appears to result 
from the distilling action of the heat which is 
generated underground by the folding of the 
rocks in a coal-field. This seiiarates the mineral 
oil from the coal, so that the petroleum escapes 
into porous rocks like water, and may rise to the 
surface in springs. 

Other coals are often termed bituminous, but 
no substance at all like bitumen exists in coal. 
Such coal is insoluble in any of the solvents 
which dissolve bitumen ; but it softens at a low 
temperatTu-e. Caking coals partly melt, and 
make a compact coke. 

The non-caking coal, like the steam coal of 
South AVales, does not change its form in burning. 
The proijerties of the coals vary with the different 
beds, suggesting differences in the species of plants 
which formed them. 

The group of rocks termed Coal Measures is 
commonly divided into three parts. The lower 
coal measures, or Canister beds, are usually bar- 
ren, or only contain thin coals, which are not 
often valuable. Secondly, the middle coal 
measures contain most of the thick workable 
beds of coal. They correspond to the Pennant 

froup of Mouth Wales and tho Bristol coaj fields, 
hirdly, the upper coal measures yield a good 
(leal of coal in the South of England and Ws 
but mostly in thin beds. 
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The coal Wfts more widely spread in former 
lological agos than it is jit the present time, 
though there is no reason to suppose that tlie 
vegetable growth ever extended continuously 
over the country. The several coal-fields are 
basin-shaped depressions, which have been isolated 
from each other, sometimes by denudation. 
First there has been the compression whicli 
elevated the Pennine chain and Wales. ThiB 
divided the eoal-fiolds into longitudinal series, 
etretching south on each side of the Fennine 
chain. Then the country was compressed in the 
opposite direction, forming folds which run from 
east to west. An upward thrust divides the 
coal-field of Northumberland and Durham from 
that of Yorkshire and Nottingham. Its effects 
are also seen in the aeparatioii of the Cumber- 
land field from the South Lancashire coal-field. 
The folds which isolate the South Wales and 
Forest of Dean coal-fields and the Somerset coal- 
fields lie further south. Afterwards denudation 
removed the summits of the anticlinal folds, 
and the coal-fields remained in basin-shaped 
depressions. 

Coal has been found by boring beneath newer 
rocks at Burford in Oxfordshire ; and at Doverj 
BO that these east to west folds of the primary 
strata beneath the newer rocks, probably extend 
continuous with the coal of Belgium. 

Coal Flan Is. 

About half-a-dozen terrestrial plant^s which are 

imperfectly known, have been described from ' 

rocka older than the Devonian. The flora of the 
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Devonian period does not differ essentially from 
that of the Carboniforoiis, ainco both conktiti the 
same geaera of ferns, of giant reeda allied to the 
living £qui«elum, and of club-mosses of the size 
of forest trees, which differ from the Qnill-wort 
and Lycopodimns, more in size than in structure. 

The Carboniferous period was an age of ever- 
green forest trees of types which did not survive 
the Permian period. No example is known of 
modern forest trees; but we cannot infer that 
they did not exist. The abundance of Enmliipbis, 
and of the leafless Acacias in South Australia, 
shows how largely a few genera may monopolize 
the ground ; and the circumstance that both the 
Australian and African floras are evergreen at 
the present day, proves that the absence of some 
types from a district of the Earth or deposit, is 
consistent with their existence at the same period 
of time in another locality. 

Coniferous trees of the coal measures grew to 
a large size. In the forms of their fruits they 
resemble some of the yew tribe. The living 
Stdi^tria of China has fruits which are of nut- 
like form, and resemble the Coal Measure fruits 
known as Trigmiomrpon which are produced by 
the forest tree named Dadox'/lnii. Under the 
microscope tho wood of this tree shows charac- 
teristic coniferous structui'e. The tree differs 
from all conifers of newer age in having a large 
central pith, formed by a succession of thin 
transverse layers. Casts of the pith cavity 
were long supposed to be separate plants, and 
named Steiitibergia. Cordaites is another conifer 
of the 'yew type. And Amucaiitei has been 
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SO named from ils resemblance to the living 

Araucaria. 

. The chib moss tribe, which at the present day 

rarely grows erect, and never reaches a height of 

more than a. foot or two, is represented by I'orest 




trees, which grew to a height of iifty to seveuty 
feet. Like the cooifera tLey have become known 
gradually, and each part of the tree received a 
distinct name, before the structure was known 
fulljr. In SiffUlaria the trunk is vertically 
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., with the leuf scars extending round it I 
I spiral pattern. In Lepidodendroit each leaf I 
scar is enclosed in a lozcnge-shayed area, aniJ-fl 
since these areas are in contact, the spiral pattern I 
is more marked than in Sigillaria. The roots of I 
these trees bifurcate regularly at each sub- J 
division, and the same structure is found iu the | 
branches which crown the tnirik. The roots, , 
formerly termed 
Stigmariii, havean 
irregular pitted 
pattern of scars 
to which long 
rootlets were 
attached. The 
fruits are cones, 
developed like 
cluhs, at the ends 
of the branches. 
These fruits were 
termed Lepido- 
Btrobus, The es- 
iatjng Lycopodium 
rosembles Lejndo- 
dendrmt in spiral 
arrangement of 
the leaves, fruit- 
ing organs and 

spores. The in- *-"-opir7b"fV„VVhc;"'icdw;'™l,'c;p» 
temal structure ccionj, 
is essentially the 

same. Lepidodendron has a central pith, sur- 
rounded hy woody tissiie, which is I'ormed of | 
elongated vessels. Outside ol \.\\!A. 



camblmn layer of the bafk, formed of large 
spherical cells, corresponding to the layer seen 
in tho quill-worts ; and external to this is the 
bark, formed of small cells which are elongated. 

Some of the layei-s of coal which are richeat 
in hydrocarbons, such as the better bed-coal, 
are formed of spores of such plants. These 
fljwrea are usually large macrospores, such as are 
found in the lower part of the fruit of the living 
Selaginell'i ; and the fossil Triplosporiles. The 
fossil reeds of the coal, termed Calamifes, are 
closely related to the living Equiseivm, althongh 
the plants grow to a comparatively large size. 
Externally the plant terminates downward in a 
cone. "Hie trunk ia divided transversely by 
nodes, and tho Internal cast of the intern odes is 
fluted. At the nodes the stem gives off leaves 
in circles, and these leaves supported leaflets 
arranged in whorls. The leaves are known 
as Asteri^hyliks, with needle-shaped leaflets; 
Annularia, with bhide-shaped leaflets ; and 
Sphemtphyllum, with wider wedge-shaped leaflets. 
There are also several types of fruit, wliieh closely 
resemble the fruit of Equisetum, except that some 
of the leaves do not bear aporargia, and thus form 
a protective covering to the others. The spores 
are of the sime size in the living and fus-il types. 

The ferns of the coal known under such names 
as Aletliojiieris, Nmropleiis, OiluntupUm, Spheiiop- 
ieris, closely resemble existing ferns, in so far as 
can be determined ; for the fructification is not 
often preserved. Four of the eight existing 
families of ferns are known in tho cual measures. 
Tree ferns iave been deactibtil. 
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jtnimuls of Ike Coal Forests. 
Terrestrial shells arc not preserved ia many 1 
geological deposits, and only two genera are I 
known from the Cojil Measures. They are 1 
both small, and were found in a bed o£ J 
underclfty, in a layer about two inches thicl^ J 
in Nova Scotia, probably swept down by the I 
rain, as sheila in a forest often are at the present 
day. One of theso shells is a thin variety of the 
common hedge shell of our own country, named 
Melix. The second appears to be identical with 
the existing genus Piipa, which is conjmonly 
fonnd about the roots of trees. They are the 
oldest terrestrial shells known. I 

. Associated with the land shells are centipedes. I 
The group of Myria{X)da to which they belong I 
is distinguished by having one pair of antonnie, I 
eyes nearly always simple, no distinct thorax, I 
and no wings ; while limbs are attached to nearly I 
all the segments. Like insects they have three I 
pairs of jaws. Tho respiration, as in insects, I 
IS carried on by trachea, which open near the I 
articulations of the legs, except in the living I 
genus i'erijxilns. Myriapods live in tho loose 1 
bark of trees, in cracks in tho rock, and under I 
stones. Tho oldest forms were found in the I 
hollow trunks oi tUgillaria. They arc Millipedes I 
rather tlian centipedes. They arc known in the I 
carboniferous rocks of Canada. A Millipede I 
found in the coal of Ayrshire, named Euphoberia, I 
is four inches long, neiirly a quarter of an inch I 
broad, formed of thirty-tix body ritiga, each with I 
two iwiifs of legs. These myriapoda mh dJ&Uss-J 



guished by posaessing branched spineB which 
are hollow. The American geiiUH Xylobiiis has 
been found at Glasgow nnd Huddersficld, in tiuM 

The spiders of the coal belong to a giui^f 
known as the false scorpions, of which the ty^H 
is the living genus Phrynns. Euphr>/nus iVej^uiidH 
is a well-known, though rare fossil from t^| 
ironstone of Dudley. It resembles spiders ^M 
having four pairs of legs, and a pair of pa4H 
is seen. On the under side of the body t^H 
the openings of six pR.irB of stomata from ti{H 
trachea, which are developed as in insects, TnH 
Epidere are found in the coal mensiu^s ]H 
Bohemia, Sileaia, and of lilioois. ^M 

Another representative of this gi'oup o£ Ara^H 
nida is the scorpion, which is represented ^H 
the genuB Eoscorjiius. Bcorpiona are first fon^H 
in the Silurian rocks. Eoscorpius found in ^^H 
coal of Illinois, ajipesrs to be closely allied tc^^f 
living CaHlbrnian scorpion, of the genus Buthi^M 
though the form found in the coal of this coun^H 
agrees best with the genus Scorpio, ^H 

Insects are well represented in the C(^H 
Coleoptera are known from beetles nai]|^| 
C'wcutioides and Troxites. Grasshoppers ^^| 
found, us are cockroaches. Lithomantis represe^H 
the living leaf-insect Mantis. The white t^B 
occurs; along with a butterfly. Carbonitert^H 
insects are chiefly known from the coal-fields ^M 
the continent. ^M 

The fishes found in the coal nieasures inclu^| 
a number of sharks, known from their fin ^H 
Sences and teeth. H 



Labyrinthodoiit reptilia are referred to more 
than twenty genera. Many of these are from 
the Kilkenny coal-field, and Belgian coal-field. 
The rBinarta,ble genera, Anihmcosawvs and 
Lfa-omma from the coal-field of Northumberland 
are among the largest of carboniferouB genera. 
They are diBtinguished by having the teeth 
united to the jaw, without being in sockets. In 
some families the palate is covered with a larga 
bone in the middle, named the para-sphenoid. 
The skuU is sculptured as in crocodiles, and 
contains some bones which are not found in 
existing reptiles, especially behind the eye, where 
bone is absent in a crocodile. 



CHAPTER XIV. 



PERMIAN AKD TRIAS. 



The Deposits, which rest next 
upon the Carboniferous series are termed Permian, 
because they appear to be identical with the 
strata fotuid in the Eussiim government of Perm. 
They had been termed Poikilitic, or variegated, 
rocks ; and sometimes the Pontefract rocks, froKL 
occurrence at that town in Yorkshire, 

Marine beds in the east of England represent 
them between Hartlepool and Wottingham, but 
the Permian sandstones have sometimes been 
regarded as freah-water and lacustrine deposits 
in the west and south-west of England. They 
appear to be unconformable to the underlYit 
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straU ill aomo localilies. Iq other localities 
there is no cieav aeparation between the lower 
Permian rocks and the Carboniferous. Such 
conditions appear in Lancashire and Cheshire, 
and are regjirded as occurring in Eusaia, and 
in North America. 

The lower sandstones in Cumberland yield 
the characUiriatic genera of Carboniferous plants. 
It is therefore interesting that near Eiivillo 
in A\'orcestershire, and in other localities, the 
Permian rocks contain angular boulders, which 
are poliabed, and scratched apparently by ice ; 
though the acratched atones may not be evidence 
that glacial conditions prevailed in that district 
in the Permian period. 

The Permian rocks in this country comprise 
lower, middle and upper aeries. The upper and 
lower parts are sandstones and conglomerates, 
or sometimes breccia derived from the Carboni- 
ferous limestone. The middle portion is a great 
wedge of nmgnesian limestone, resting ii^jon tile 
marl slate, 600 feet thick in the east of England, 
and 10 or 20 feet in the west. The upper 
sandstones and clays with gypsum, like the lower 
beds, are tbiclc in the west and tfaiu in the east : 
but are only about one-fifth of the thickness 
of the loiver sandstone. The lower 3000 feet 
of variegated sandstone is identified with the 
German rothliegende. The mar! slate is identi- 
fied with the kupterscbiefer, and the zechstein 
with the magnesian limestone. The lower 
Bunter of Gerniany has been compareil with the 
gypseous marls of the Eden ha^in in Cumber- 
hud. 



The magneaiiin limestone probably was origin- 
ally an ordinary limestone formed of calcilo, and 
the carbonate of magnesia was apparently infil- 
trated into it. There is no more singular depoait' 
anywhere to bo seen than the exposure of this 
rock at Sunderland, where some of the beds now 
consist of radiating concretions of globular 
form and variable size, giving the rock ail 
appearance of being built of shot or cannon- 
lialls. 

The Permian age was a time of considerable 
volcanic activity, and interatratified beda of 
volcanic ash and lava are well seen in the country 
about Exeter, and in Ayrshire, as well as in 
Germany. 

In other parts of the world the Permian forma- 
tion attains a great development in thickness, and 
contains important beds of coal. The Gondwana 
rocks of India, which are probably comparable 
to the Permian of Eussia, very closely resemble 
the Permian rocks of the Karoo in South Africa, 
Both contain coal, and the flora is probably 
Permian, hut several of tbe genera of ferns do 
not occur in this country. 

Among the fossils in the marine betls between 
Haillepool and Nottingham the foraminifera 
include several existing genera. Neither the 
corals nor crinoida show any remarkablo variation 
from carboniferuna types, and in a general aerise 
this ia true of the shells, though a large number 
of the genera which characterise the primary 
period are absent. There are some characteristic 
genera of fishes like Acrolepis, but the moat 
abundant fish type is PatcemmtvA. 
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Fossil Jlfpti/es of the Perm.unt. 
The Labyrinthodoiit reptilia, diatinguished by 
liaving teeth blcniled with the jaw bones without 
being in sockota, are found in Bome British coal- 
fields, and are also known from Permian depoaits. 
In Bohemia and in Saxony many small atiimah 
of diverse forms occur ; aomo long and snake- 
like, »nd others like land salamanders. Some of 
those closely resemble fossils of the Kilkenny 
coal-field, as well aa similar types from the coal- 
fields of Illinois, Ohio, and Nova Scotia, and are 
referred to the same genera. One of these 
Bohemian animals, named SrancMosavnis, stitl 
preserves in the fossil atate a akeleton to the 
bony arches which supported gUls. This old 
reptile, like some of the ancient fishes asaociated 
with it, may have breathed by gills aa well aa 
lungs, like certain of the living amphibia. ThU 
terrestrial life makes a close link between the 
Permian and Carboniferous periods, 
I The Permian rocks contain another extinct 
I group of animals named Anomodontiii, which 
[ oomprisea the groups named Theriodontia, Dicy- 
I nodontia and Pareiasauria. They are anim^ 
[ with depressed bodies rarely lifted high above 
[ the ground by their limbs, with relatively large 
I heads, and types of dentition which are anomalous, 
I because they closely resemble the teeth of 
L different orders of mammal!', while preserving 
I tooth charactcra of raptilea and fishes. Nor is 
I this resemblance to mammals limited to the 
I teeth. It is seen in almost every part of the 
I ekeleton; and although there is no actual 



transition to maimnala, isolated parts of the I 

skeletoDB have been (leecribed as mammalian hy I 

different naturalists. I 

TheAnomodont group is moat widely developed I 

in the Permian rocks uf South Africa. It is well . I 

represented in the Permian of Texas, and other I 

parts of North Araenea, It is recorded from the | 

Gondwana rocka of India, and from the Permian I 

rocks of Orenbm'g in Russia. Anoraodontreptiles I 

have also been found in tho red sandstones of I 

Elgin. Those rocks were formerly classed as 1 
Old Eed Siindstoiie, and subsequently aa Trias 
owing to the affinities of their fossil reptiles, but 

on such evidence they may be Permian. j 

The Theriodont type generally posseaaea the I 

three kinds of teeth which characterise mammals. | 
The canine teeth are strongly developed. This 
is seen in the Kussian genus Deiiterosauras, and in 
the South African geims Lycosaurus, both of which 
have the teeth in the front of the mouth larger 
than the sharp-pointed representatives of the 

friuder series placed at the sides. Beuleivsawta • 

nds its place between the Theriodonts and I 

Pareiasaui'ua. Some of the South African j 

Theriodonts have the molar or grinder teeth j 

compressed and notched like those of dogs, J 

seals, and other carnivorous mammals. There J 

are also types which have tubcrculate crowns to | 

the grinders adapted for crushing food, diu^ng 1 

which process the crowns become ground down, I 

as among Insectivora and Kodents. I 

There are in the genua Din/nodon only two teeth | 

in the upper jaw, which correspond to the tusks ] 
of the walrus. 



In Piireuisawiis the aurfnco of the slcull is covered 
with an arrangement of bones which appcai-a to 
lie identical with that seen in the Ijabyrinthodonti. 
Labyrinthodonts, were formerly grouped with 
the Amphibia, but may be closely related to the 
Atiomodonts. Pareiasaurus appear to be in many 
ways tranaitionat between existing reptilia and 
mammaUa; in so far as can be judged from the 
skeleton. It is with existing marsupials and 
carnivora, aud hoofed or ungulate mammals that 
the resemblances in the forma of the bones Hi>])ejir 
to be closest. 

The Tno.% 

A glance at a geological map of England and 
Wales shows that the Trias, which extends to 
the Bonth of the Pennine chain, between Not- 
tingham and tlia North Staffordshire coal-field, 
rests unconformably upon the denuded edges of 
the Permian and Carboniferous strata. Great 
changes had taken place in the earth's surface 
after the deposition of the Permian rocts, aud a 
eommencemt-nt was made id the definition and 
uplifting of the Pennine chain before the Trias 
was laid down against its southern termination. 

In England the Trias comprises two series of 
Bandstones. The lower, named Eunter, consists 
of conglomerates and sands, which are usually 
white, but sometimes red. There are some 
evidences that its upper beds were denuded 
before the overlying alternations of marls and 
sandstones, named the Keuper beds, were de- 
posited. These divisions are leg-iided as corre- 
sponding to the upper and lower 
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the Trias in Germany, between which the shell 
limestone, termed Miischelkalk, occrira, yielding 
numerous marine fossils, and many peculiar fossil 
reptilea. 

These bods attain a, thickness in Lancashire 
and Cheshire of 5200 feet. The Keuper ia there 
twice as thick as the Bunter; but in Leicester 
and Warwickshire the aggregate thickneaa of 
both divisions of the Trias ia less than 1000 
feet ; and of that the Bnnter forms aboiit one- 
tenth. 

There is a southern thickening of the Trias in 
Somersetahiro and Devon, where the red rocks 
are well exposed on the coast, and are about 
2500 feet thick. There are few or no fossils in 
the Dun tor. 

The rock-salt of Cheshire occurs chiefly in the 
Keuper marl in two principal beds, as at North- 
wich, where each of the principal lenticular 
masses of salt is about 100 feet thick. Gypsum 
is also found in the marls, and is largely worked 
in Staffordshire. The occurrence of the salt may 
be attributed to the evaporation of an in'et of 
the seiL ; so that the process was substantially the 
same as that now going on in the salt-pans on 
the shores of the Mediterranean, where salt is 
obtained artificially by evaporation of sea-water. 
There appear to have been many of those ancient 
salt-pans. The lower bed at Northwich ia about 
three-<]uarters of a mile in diameter. The salt 
has been preserved by the marl in which it ia 
contained, whii:h is imperrious to water. The 
gypsum has probably been formed out of the 

rbonate of lime of calcareous organisms, by the 
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action upon them of BulphuroUB waters, such as 
result from the decomposition of iron pyrites, 
for Mr Charles Darwin describes gypsum as 
formed in this way in lakes on the surface of 
South America. 

In the neighbourhood of Storeton, between 
the Mersey and the Dee, an immense number of 
impressions of the feet of terrestrial animals are 
found, some of which are at present otherwise 
unknown. They may comprise the footprints of 
Dicynodonts, of Hhynchosaurian I'eptiles, and 
perhaps of IlyperodapedaR, bones of which occur 
in Keiii>er beds in other parts of the country. 
The Keuper at Warwick yields evidences of tha 
skull of species of Lahyrinthodoji. And near . 
Bristol, carnivorous sauriaus, termed Falceosaurus, 1 
with piercing and cutting teeth, are found, whieh J 
are elosely allied to the great sauriaus of thai 
Trias of Wurtemberg, named Zandodtm. 

The Stormberg beds in South Africa 
probably of Triassie age, and contain saurians | 
in some respects similM- to those of Germany, 
such as Masiospondijhs and EitsMesaurus, and 
are found above the coal of Cape Colony. They 
all show some alliance with the Megalosaitnts of 
» later age. ^ 

The sauriaus of the Muscheikalk in Germany^ 
inchide Placodits, which has the jralate covered! 
with large flat crushing teeth ; and Noikosaurvt, 1 
which appear to be intermediate between the 
Deuterosaura of the underlying Permian rocks 
of EuBsia, and the long-necked Pleaiosaura of the 
Oolitic series above. 
t 'Jn Europe at least the plants of 
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the Triaa in Germany, between which the aheil 
limestone, termed Muachelkalk, occurs, yielding 
numerous marine foasils, and many peculiar fosBil 
reptiles. 

These beds attain a thickness in Lancashire 
and Cheshire of 5200 feet. The Keuper is there 
twice as thick as the Eiinter; but in Leicester 
and Warwickshire the aggregate thickness of 
both divisions of the Trias is leas than 1000 
feet ; and of that the Bunter forma about one- 
tenth. 

There is a Boutheru thickening of the Triua in 
Somersetshire and Devon, where the red rocka 
are well exposed on the coast, and are about 
2500 feet thick. There are few or no fossils iu 
the Bunter. 

The rock-salt of Cheshire occurs chiefly in the 
Keuper marl in two principal beds, as at North- 
wich, where each of the principal lenticular 
masses of salt is about 100 feet thick. Gypsum 
is also found in the marls, and is largely work^^l 
in Staffordshire. The occurrence of the salt moH 
be attributed to the evaporation of an in!et^| 
the sea ; so that the process was substantially ^^M 
same as that now going on iu the salt-pans ^H 
the shores of the Mediterranean, where Balti.^| 
obtained artificially by evaporation of sea-wat^^| 
There appear to have been many of these and^H 
salt-pans. The lower bed at Noithwich is ab^H 
three-quarters of a mile in diameter. The B^H 
has been preserved by the marl in which it^H 
contained, which is impervious to water. T^^ 
gypsum has probably been formed out of t^B 
carbonate of lime of calcareous organisms, by ^^| 



action upon them of sulphurous waters, sucii aaJ 
result from the decompoBitioa of iron pyrites, I 
for Mr CharleB Darwin describes gypsum as I 
formed in this wa.y in lakes on the surface of I 
South America. I 

In the neighbourhood of Storeton, between I 
the Mersey and the Dee, an immense number of | 
impressions of the feet of terrestrial animals a 
found, some of which are at present otherwise I 
unknown. Tbey may comprise the footprints of 
Dicynodonts, of Rhynehosaurian reptiles, and 
perhaps of Hifperodapedon, bones of which occur 
in Keniwr beds in other parts of the country. 
The Keuper at Warwick yields evidences of the > 
skull of species of Loiynnthod&n. And near I 
Bristol, carnivorous sauriaus, termed PaUeosaurus, f 
with piercing and cutting teeth, are found, whidi I 
are closely allied to the great sauriaus of the<l 
Trias of Wurtemberg, named Zandodon, I 

The Stormberg beds in South Africa are \ 
prohably of Triassic age, and contain saurians I 
iu some respects similar to those of Giermany, I 
such as Massoijmdyliis and Easkelesattnts, and J 
are found above the coal of Cape Colony. They | 
all shov." some alliance with the Megalosauras of ] 
a later age. 

The saurians of the Muschelkalk in Germany 1 
include Placodvs, which has the palate coverM 
with large flat crushing teeth ; and Nolhosaurvs, 
which appear to be intermediate between the 
Deuterosaura of the underlj-ing Permian rocki 
of Russia, and the long-necked Plesiosaurs of the 
Oolitic series above. , 

In Europe at least the plants of the cos-l, 1 






tlie exception of Galamites, ] 
in the Triiis ; and various typ( 
^ 1 into existence, and do not dg 

tppreciahly from aurriving forms in mod 
rowth and fruiting. 

The Oldest Kiunen Mammal. 
The oldest known mammal is found in. J 
part of the Trias or in the Rhastic li 
here are several species referred to the g 
Tierolestes. They are only known from i; 
lib and aro referred to mammals because tit I 
tta of the teeth are diviJed. They occur in 1 
fTFurtemberg, and at Prome, and Watchet in I 
iBomeraetshire. The great milk tooth from. I 
^''Watchet ia marked with seven ribs, like thoeo j 
on the premolar tooth of the living kangaroo- f 
rat named Hijjisiprffmvm. The animal lias there- | 
fore been regarded as a marsupial mammal 
Animals with this type of tooth arc found ii 
subsequent periods of geological time. Th' 
lower jaw of a little mammal named J'lagiaulm ' 
found in the terrestrial Purbeck beds at the 
of the Oolites, has similar teeth, Tiia 
■^pe is repeated in the genus Neoplagiaulaa, 
■* lund at Eheims in the lower tertiary beds of 
le Paris basin. There is therefore reason to 
ilieve that very little change has taken place in 
the oldest type of mammal, since its first occur- 
rence in the Trias ; and that it was essentially a 
Kangaroo-rat. 
Peculiar marine fossils appear in the Mt^ 
:lkalk. One of these is the Cephalopod 
iell Ceraiites, which is exactly intermediate 




between the Carboniferous Goniaiites whicli 
lias the septa angularly folded and the newer 
Ammmiles which has the folds of the septa 
digitated on both the front and back margins. 
Subsequently, in the Austrian Alps, especially 
at Hallstadt on the north, and St CaBsian 
on the south, the Upper Trias abounds in 
shells which are a remarkable mixture of those 
which survive from the Primary period, such as 
Ortkoceras, Gonialiles, Euomphalus, Miirchisonia, 
with the shells which are found in the overlying 
strata, such as Amm/mites, Belemnites, Nenncea, 
Triffonia, Cardita, TheciJivm. Therefore the 
separation in life between the Trias and the 
Permian, although moat marked, is not so 
absolute as it would have appeared to be if those 
Aipine deposits had been unknown. And the 
occurrence of genei'a which had characterised 
the primary stnitii, is the more interesting 
because otlier examples occur of similar survival 
of tyjiea of life from the primary time, in the 
occurience of the genus Lepteena in the Lias, 
and of Spirifei-a in the Lias and Lower Oolites, 
Such occurrences prove that the change in life 
was a local change, and that the primary types 
became extinct gradually. 

Newer than the Keuper is a series of beds in 
the west of England not more than 100 feet 
thick, known as the Penarth beds or Rhsetie 
beds, from their great development in the 
Ehaatic Alps. They are included in the Trias by 
many writers. William Smith referred to them 
as the White Lias, which is a compact limestone 
forming the top of the Rhsetic series, in marked 



contrast to the Blue Lias above. The White 
Li^ haa occasionally been used as a substitute 
for lithographic slate, which it resembles in 
appearance. Dragon-flies, Cockroaches, Grass- 
hoppers, and other insects are preserved in the 
White Lias. 

Fossils are plentiful in the underlying black 
shales, at the base of which is the Khastic bono 
bed, full of the remains of fishes and reptileB. 
Beneath the black shale are the tea-green marls, 
which pass down through other marts into the 
Keuper beds. Species of the existing Australian 
fish C'eralodris evidenced by teeth here occnr ; as- 
sociated with eirtinct genera of sharks, such as 
Ili/boiius and Acrodiis which characterise the 
Oolites. 

The common sea-shells of Ehjetic age include a 
Cockle and a Pecten, such as might occur on our 
own shores at the present day, associated with a 
species of Avicula, a horse-mussel and an oyster. 
At least one lai'ge terrestrial Saurian with teeth 
like Megalosaurus occurs ■ in Ehsetic beds in 
Somerset. The Ichthyosaurs and Plesiosaurs, 
which are found for the first time in this stratum 
in Ibis country, do not differ from those of the 
newer beds. 

Khfetic strata occur in most European 
countries in which the Trias is developed; but 
are nowhere more grandly exhibited than in the 
I^Uiietic Alps o! Lombardy and Austria, 



CHAPTER XV. 



THE LIAS. 



Is the Jura range between France and Switzer- 
land, which furnishes the continental typofor roeka 
like our Lias and Oolites, the Jurassic beds are 
conunonly divided into three parts, named Black, 
Brown and White. The lilaek Jura corresponds 
generally with 
Uie Lias ; the 
Brown Jura with 
tbelower Oolites; 
and the ^Tiite 
Jura with the 
upper Oolites of 
England, These 
three divisions 
in thia country 
are greatly bu6- 
divided by differ- 
ences in mineral 
character, as well 
ax by fossils. 

lie Lias is generally recognised by the groat 
breadth of country that it covers between 
"Whitby and Lyme Regis, by its thickness, and 
its niany sub-divisions which are traced through 
the country. It is, as a rule, a blue-black clay 
alternating with thin, regular layers of earthy 
limestone, so that the alternations of clay and 
limestone which characterise the Rhsetic beds 
are continued, witli a midtitude of repetitions. 
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The Lias limestones have BometimeB a tciidenej 
to be brown. The thickness of the Ijower Lia^ 
varies between 500 feet at Lyme Hflgis and 8 
feet on the YorkBhire coast. The common L 
Oyster is the Gryphiea incurva. Occasional!) 
in the country towards Frome the Lias almoi 
thins away where it rests against the Carbffl 
iferous limestone, and it is probable that t 
different beds vary in thickness locally. 1 
marine and terrestrial saurians are found chiel 
in the lower beds of the Lower Lias, in the 
of England. They include both IchthyosavB 
and Plesi 
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^ater period, and is the type of a family 
vertically serrated teeth named SeelidosanridK. 
The fossils which are most abundant are 
multitude of extinct species of Ammonites aa 
JBdemniles, together with an oyster with a 
involute mode of growth, known as the gem 
Oryphtea incurva, the devil's toe-nail of the 13 
f shermen. But with such exceptions the 
multitude of the fossils belong to existing genen 
Among which are the bivalves Lima, Pectet 



Piniia, Pholadomya, Adarlt, Avieula, Modioia, I 
Trigonia, J'Hmtala; and the Univalve sheila I 
Idtlorina a,nd FUurolomarUi are abundant. Species 1 
of the genus Ammonites give names to sub- 1 
divisions or zones of the Lias, Some genera I 
such as Cardinia and Bippopodium are only found I 
in the Lias. 

There is perhaps no sharp separation to bo J 
drawn between the Lower and Middle Lias. ' 
The two beds are conformable to each other, 
although the fossils distinguish them, and there 
is some diR'erence in their mineral character. 
The Middle Lias comprises the marl stone, 
which forms an escarpment in the middle of 
England; and it also includes the ironstone I 
series, which is well developed in the Cleveland I 
district of Yorkshire, iind southward through | 
Lincolnshire into Oxfordshire. The Middle [ 
Lias is about 250 feet thick on the south coast; 
and 140 feet thick on the Yorkshire coast I 
Kear Cheltenham the lower part includes some J 
grey sand, and is about 150 feet thick. The | 
difference from the Lower Lias ia foss 
chiefly in the species of Ammonites and Bdejn- " 
niUs. Some of its upper beds are known aa 
the Belemnite beds, from the abundance of 
this fossil, In these beds many star fishes of 
the genua Ophioderma are found, both i 
Yorksliire coast, and near Charmoutb. 

The Upper Lias is usually very thin on the J 
coast of Dorsetshire, about 70 feet, including | 
the associated sands near Charmouth. But it I 
thickens northward to 300 feet near Cheltenham, [ 
and 400 feet further north in Eredon HilLvl 



maintaining a thickness of 300 feet in Leic 
sliire, hut tliinning in Lincolnshire and 
ahire to 200 feet or leas. On the Yorkshis 
joast it is often known as alum shale, aim' 
having formerly heen obtained from the cl'' 
and manufactured from the shale. Near 1 
base there are beds of jet, in which the rings d 
growth of the coniferous trees out of whichl 
Tfas formed, may occasionally be observed. 
the Upper Lins at llminster many lohthyoaai 
Plesioaaura, and crocodiles of the group TeW 
eauria are met with. A little higher \ip, in tf 
acne of the AmmonUes communis and Amm 
hifrons 
Whitby, 




lying zona 
AmmonUes 
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yields the ji 
The Upper Lias of Grloucestershire and 1 
mckshire contains a considerable number of insa 
remains, probably derived from the forests I 
which the coniferous trees grew, which ap 
iave been allied to the living Arancaria. 
are also the remains of Cycada, such as Zan 
and of a few ferns ; so that, although there a 
such evidence of a land surface as in the Triai 
period, the occurrence of insects in districts w 
in tie previous period of the Trias, yield 1 



i-emaius of terrestrial animals, appears to show 
that the physical change which brought the Lias 
to an end, and caused the Midford aanda to be 
superiraposed upon it, was substantially a bi-ing- 
ing back again in part, by means ot upheaval, of 
the shallow water conditions which prevailed in 
the Trias period. 

The yellow sands, 300 feet in thickness at 
Bridpoi-t, which pass northward into Somerset- 
shire and Gloucestershire, under the name of 
Midford saniis, gradually thin away. But since 
they indicate the same conditions as afterwards 
reappear in the Northampton sands in the 
middle of England, they may be grouped with 
the Oolites rather than with the Lias. 



^V CHAPTER XVI. 

THE OOLITES. 

The Oolites are granular limestones of limited 
extent, contained between clays, which in this 
country range between Dorsetshire and the north 
coast of Yorkshire. They form three limestone 
terraces in the south of England, each of which 
rests on a clay, and hence have sometimes been 
named Lower, Mitldle, and Up[)er. It is more 
convenient to adopt two divisions. The Lower 
Oolites include every bed above the Liaa to the 
Cornbrash. The Upper Oolites extend from the 
Oxford Clay to the Portland Oolite, 



Lower Oolites. 

The Midfoi-d Sands we seen near Bath n 
the base oi the Oolites, The sand appears t^il 
have heen derived from the south, because the 
whole of the Lower Oolites are represented byw 
Bands in Dorsetshire. The Midford Sands dis^ 
appear to the north of the Co tswold hills, probablyT 
because thoy are represented there by clay whiooj 
is not distinguished from the Lias. 

The beds named Norlhampton Sands occur i 
the same geological position in NorthamptonshiFft 
They are about 70 feet of brown sands and yelloii 
sandstone, with ironstone, which is a valuable iron 
ore. They are capped by grey and white sand, 
containing beds of lignite, which may have ac- 
cumulated in an estuary. Their fossils are mainly 
those of the Inferior Oolite : and thoy are pro- J 
bably a geographical continnntion of the 
Sands, 

In Yorkshire the beds which rest on the Liai 
are known as Bogyer. They are about 90 feQ 
of yellow sand covered by concrotions of Ooliti 
ironstone, usually sandy. Like the Northampto 
sands, they are capped by current-bedded sands " 
and shales among which are beds of impure coal. 
The fossils of those estuarine sands include ferns, 
a large Eiptisetnm often found erect among the 
blown sand, and the Cycad Zajnia. They in '" 
cate an old land surface. The beds which r 
upon these sands show a similar want of e 
uity where they are exposed at the surface n 
the country. 

The Inferior Oolite is limited to the west ( 
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England. lu the Cotswolil Hilla it is about 2JH 
feet thick, maialy limestone. At its base ia thi 
pea grit, with concretions about the size of ps^ 
Above it are the Oolite limoatoiies with textia 
like the hard roe of fish, known to builders fl 
freestone, termed Eoe-atone, which aUernata wM 
marh A little sand remains when the limestofl 
is dissolved. The rock thins away to the ea 
beyond Woodstock. Its fossils include TerebrafyM 
Jimbria, Pkohilomya jidictda, Ostrea Marshii, Cli/pm 
phtii. ■ 

In Northamptonshire the beds are roplac^ 
first, at the base by a thin bedded, shelly liofl 
stone used for rooilng, known as CollffteeaM 
Slaie. It is sometimes 20 feet thick. The gtfl 
mass of the Inferior Oolite is represented bM 
limestone known a,s Lincolnsliire limestone, wl»| 
thins away to the north and south. It M 
200 feet thick at ita nuiximum, and forms ■ 
escarpment terrace in Northamptonshire aa 
Lincoltifihire. M 

In Yorkshire this period of time is representfl 
by the middle estuarine beds with bands of cfl 
and plants, seen in Griathorpe Bay ; above whu 
is the marine Scarborough limestone, with t9 
Inferior Oolite fossil AmmonUea Humph^ 

The Fuller's Earth in the south of EnglaH 
caps the Inferior Oolite, and divides it from d 
great Oolite. It is a series of clays, marl, in 
earthy limestone known as Fuller's Earth n>3 
The stratum, sometimes blue, sometimes ysltlfl 
of Fuller's Earth of commerce is only a. few f(fl 
thick. The Fuller's Earth in Dorsetshire^ 



eBtimated at 400 feet in thiuknees. In the 
Midland counties the Upper EKtiiarfiie beds 
represent it with 30 feet of eanda, clays and 
limeatoneB. ' On the ycarborough coast their 
thickness ia 200 feet, and, besides remains of 
terrestrial plants, they contain the fresh water 
pond shell Anodonla. 

The Great Oolite is more local than the Inferior 
Oolite. At Minchinhampton it includes shelly 
beds. At Bath it is a freestone 50 feet thick,, 
sometimes with oolitic texture, sometimes marly. 
It is seldom oolitic to the north of the Cotswold 
Hills. 

To the north-east, the Bath oolite is repre- 
sented by the Stmesfield stale, a concretionary 
thill-bedded limestone, formed in part by the 
destruction of older beds of oolitic rock. It 
indicates near proximity to land. Its fossils 
are the fronds of ferns, foliage and fruits of 
cycada, branuhea of coniferous trees. There 
are beetles, dragon -flies, butterflies, and other 
insects. Lower jaws of four kinds of mammals 
have been found, named Amphilherimn, Amphi- 
ledes, FhascolotJterium and Stereogiiathus, which, on 
the evidence of their teeth, appear to be allied to 
Marsupials, though a thigh bone resembles that 
of the Australian duck bill Oiiiiiliwhynclius. 
Flying Banrians are named Ehamphocephalua. 
Long snouted types of crocodile occur, and 
remains of the grejt terrestrial carnivorouB 
MegalosauiTis, which appeared first in the In- 
ferior Oolite. All these fossils :ire in a 
fnil of marine shells^ 

About Bath and in Dorsetshire the Great 
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Oolite 18 succeeded by a brown clay crowdi 
with the Apioerinui, or pear oucrinite, wliich h 
a cylindriail etem. Tbis clay, named Bradfe 
clay, separates ihe Great Oolite from the th 
bedded Forest marble above it. That ahel 
limeBtone at Eiialow Bridge near Oxford, 
Chipping NortoQ, and other localities yields t 
remains of Cdiosaunis, which is the largest t«rr 
trial fossil reptile found in this country. 

Id Northamptonshire and Lincolnshire the 
is a clay above the Great Oolite limestone, 
the position of the Forest marble and Bradfo 
clay, called the Bliswffrth claij. 

All these irregtdarities in mineral ch; 
of the Lower Oolites as they are traced thn 
England may result from the sinuous cent 
of bays and promontories of the shores at t 
time of their depositure, which did not correa 
with the line along which the several deposits 
to the surface of the country at the present 

Cornhfaah is the name given to a shelly lii 
stone which closes the Lower Oolitic peri( 
It is rarely more than 10 to 15 feet thii 
Many of its fossils are like those of the Infei' 
Oolite. Tlie most characteristic species is 1 
Avicula echiaaia. It is the first deposit sii 
the Lias which extends contiiiuoiisly throu 
England, and is seen between Scarborough 
Weymouth. It is evidence of a change in 
tilt of the sea-bed, which makes a break in 
succession of the strata. 

J '[/per OoHks, 
3 is no brcali in the order of 



of the Oolitic roclts above the Cornbrash, which 
would divide them into Middle and Upper OoUtes. 
The differences in mineral cliaracter between the 
several beds are snch aa may be attributed to 
ch.iuges in level of the old land from which 
the sediments were derived, which removed the 
Bource of the deposited material from time to 
time, to greater distancea. 

Tho first efi'ect of such an iipheaval is seen in 
the Kelloway Rock, which forms concretionary 
Bandy beds, and yellow sands and limestones 
80 feet thick on the Yorkshire coast. It is said 
to occur in Bedfordshire. It is named from 
occurrence at Kelloway Bridge in Wiltahire, 
This distribution may bo connected with prox- 
imity to the Mendip ridge in the latter case, and 
connected with the Pennine chain in the former. 
The conditions which pi'oduced the Stonefieid 
slate proba.bly produced the Wiltshire Keiloway 
rock ; iind the conditions of the sand beds in the 
Yorkshire Lower Oolites are approximated to by 
the Yorkshire Keiloway rock. This deposit la 
more important in France. 

The Oxford daif is manifestly the consequence 
of a depression which prevented the coarse sandy 
sediment from reaching so far out from its source 
as in the previous age. This clay, which is 170 
feet thick in Yorkshire, and 600 feet thick ia 
Dorset, is therefore superimposed upon the 
Keiloway rock. Near its base, about Peter- 
borough, the Oxford clay abounds in remains of 
timber trees, apparently coniferous. Its plant 
remains also include Cycada. It yieldi 
terrestrial reptiles Cetiosauras and OnMsavrus, -wvA . 
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Teteosaurian crocodiles, Ophtfialmosaarus, whicli I 
is an Ichthyotaur with three boiiea in the for 
arm inetpad of two. The big headed I'lioB&ul 
is common ; Murienosaarus is it long-uecV 
pliosiosaurian with single headed ribs t 
nect, and two bones in the forearm. 
common sheila in the Oxford clay arc the oy^ 
Grypkma dilaiala, Bekmnitas kastatus, 
DuKcani, and Ammoniies cordalvs. The Arn^ 
Clay and Oxford Oolile rest upon the Oxford o 
The Am])thiU clay is seen between AmpthQl i 
BedfordBhire and Acklam Wold in Yorkshire. 

The Coralline Oolite interlaces with the ol*f d 
in Bedfordshire by a iiiimber of thin beds of blue I 
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earthy limestone. Traced southward by Shobi 
it forms two divisions ; and at AVeymouth tl 
ia the sandy lower calcareous grit well defifl 
and an u^iper grit or sand which passes UH 
the Kimeridge clay. In Yorkshire this 0(3 
extends throu«;h the Howardian Hills by Main 
through the Vale of Pickering to Filey. : 
TJpware, on the river Cam, a small reef ftdl 
corals a])pears to result from the Carbonifei 
limestone having furnished calcareous m»tt«(_ 
the neighbouring sea. The reptiles of this a 
Omosimrns and Pliosawrus, are like those of i 
Oxford clay, but a gr " 



Ben found at Wey- 
mouth and Malton in Yortahirc. 

The Kimeridge fSay.— The reef of limBBtone ab 
Upware appears to he a dividing point for the 
Kimeridge clay, which comes next in vertical 
Buccesaion. In Cambridgeshire it is about 40 
feot thick, but thickens south-west to Dorsetshire 
to more than 600 feet thick, and its northern 
thickening to Yorkshire is almost as great 
This clay contains inflammable beds known as 
Kimeridge coal, which divide into thin sheets , 
like paiwr, and are full of marine fossils. In I 
Dorsetshire the clay is used aa fuel, and has been ' 
used in making i>arafiin candles, and to produce 
gas tor illumination of the neighbouring villages. 



These ciaya are full of beds of concretions of 
earthy limestone, named septaria, ivhich are each 
2 or 3 feet in diameter. 

The oldest known representative of the ■ 

Igiumodon is found in this clay at Cumnor. ] 

And between Ely in Ciimbridgf shire and Swindon 1 

manj- fossil reptiles are found, sui^h aa Teleo- ] 

eaiinan crocodiles, peculiar turtles and Ichthyo- ] 

saura. Cohjmbiisauriis is a long-necked Piesiosaur I 

with single beads to the neck ribs, distinguished ] 

by .the massiveness of its urm bones, and by ] 

having three bones in the forearm instead of I 

two. Omosaurus is a largo land saurian found I 
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Bl SwiodoD. The conimoti shells of th 
include Oslrea dellaidea, Exoijyra virgvla, J 
omits aiid Ammonites biplex. 

The Suienhofeii slate of Biivaria Diakea knoi 
numerous insects and other forms of terrestr 
life of this period, including the oldest knoV 
bird 

The Oldest Known Bird. 

A bird is knowu by its feathers ; though the 
is no reason wh; the covering to the skin sbou 
not be as variable in this group of auinuli ; 
among reptiles or mammals. It is thereto 
remarkable that the oldest known bird i 
ArckaopteTyx has feathers as well developed- 
in the existing representatives of the class « 
similarly arranged. It is found in the litt 
graphic slate of Solenhofen in Bavaria, which. 
of about the age of the Kimeridge clay, in t 
Upper part of the Oolites. The animal is 
elegent slender bird which is chiefly remarksl 
for showing teeth in the jaws. About twell 
short and conical, occur on each side in £ 
upper jaw. The skull is about two inches loi 
shaped like the skull in many existing birds, irf 
a circle of sclerotic bones defending the eye. 

The neck and back are each about S| inch 
long, and there is a slender rat-like tail, of me 
than twenty elongated vertebrse, which is 6 
inches long. The fore limbs are as well dev4 
oped as the hind limbs. But they differ froi 
existing birds in the buues of the metacarpUB nq 
being blended together, and in the three digi 
terminating in sharp claws. The number of tft 



mges in the three fingers ia 2, 3, 4, They 
Ehus similar to the digits of tho hind limbj ana 




9 apparently capable of being applied to the 
mridltkothefore limbs of aqiiadruped.althougli 
it development of the featbers attacked t/S' 
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tho arm bones demonstrates that the wings wet 
couatructed on the same plan as in existinj 
birds. 

The femur or thigh bone ia about two i 
long ; the dnim stick is more than two 1 
and a half. And the slender metAtarsus is 
an inch and a quarter long. The three point* d 





Close of the Oolitic period. 

A great change in life took place between tl 
Kimeridge clay and the Portland Oolite i ' " 



THE OOLITES. ^*^U 

restB upon it. And although the granular Ooliti<» 
texture, whith the Portland limestone shows inM 
the south of England, has caused it to be aeaoci-fl 
ated with the older CoralHne Oolite, and Lower ■ 
Oolites, it yet marks the heginoing of a grea&fl 
uprisiDg of the sea-bed, which extended eastwardj 
from the Mendip Hills during the succeeding^ 
periods of time. Man^ of its fossils may jiistiwB 
its position in the Oolitic series, but the physical^ 
conditions of upheaval, and representation by 
limestone and sand, appear also to link it with the 
great terrestrial epoch of Purbeck and Wealden 
beds, which form a portion of the Neocomian 
period of time. 

The Portland strata are almost limited in a 
recogQisable torni to the south of England, though 
the horizon is defined by fossils in the clay beds 
at the top of the Kimeridge clay in Filey Bay. 
A thin sandy layer with characteristic Portland 
fossils ftips the Kimeridge clay through Lincoln- 
shire, Norfolk, and Cambridgeshire. It is not 
always possible to draw a line between thia 
feeble representative of the Portland sand and 
the overlying sand termed Neocomian, so that the 
Portland sand appears like the beginning of the 
shore conditions, which lasted in the area of 
South Britain till the close of the Lower Green- 
Band, 

On the Yorkshire coast there is no break 
whatever in mineral character from the Kimer- 
idge clay to the Hunstanton Red Limestone at 
the base of the chalk. 

Among the fossils of the Portland beds several ' 
species of Pema, Aatarie, etc., aire iwvcvi -^Vw&s 



resemble fossils of the Kimeridgo clay, but thciti 
are also species of Cgpriiia, Pecttn, Cefilhiuni, etc^ 
'vhich reseniblB Neocomian forms. Lmina port^ 
landka is odg of the characteristic bivalve fassilfc 
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™ Neocomian. 

Thk Neocomian period of ^ 
completely represented in this country 
ypeeton clay, which is about 300 feet thick,. »i 
seen to tho north of Flamborough Head. H 
basement bed of this deposit is the Coprolite bi 
which divides it from the Kimeridge clay ( 
which the Speeton clay rests. That bed is a Uy 
of nodules of phosphate of lime, which apparent 
were formed about fossils, hke similar beds 
phosphate of lime in newer deposits in Bedfca 
shire and Suffolk. This layer of phcraphat 
marks a change in the life ; so that the she 
which characterise the Kimeridge clay below, i 
not pass above it. It was formerly supposed 
occur at the top of the Portland beds, but li 
Ammonites regarded as Portlandian occur abai 
this junction bed. 

There is therefore some ground for regard 
the Speeton clay above the Coprolite bed 
representing in unbroken marine sequenca 
geological ages which in the south of England 
partly lacustrine, partly terrestrial, and part 
marine, and known as the Portland beds, 



Purbeck, and the Wealdeii beds, iind the Lower | 
Greensa.nd. | 

The lowest division of the Speeton clay is I 
known a,s the zoue of Belemniks lateralis, Tha I 
Lmina Porilandica is found in the Coprolite bed, 1 
and a VHjiety of the Exogyra sinuala appears I 
Bomowhat higher up. The next division 13 the I 
zone of Bele-nmifes jui-uium, which ranges through 1 
about 130 feet of clay in which there is a large I 
number of characteristic Ammonites, with species 1 
of Terebi'atida and Rhynchonella, The third 1 
zone is that of the Sekmniiea semi-cancUiculaivs, I 
In this zone in the Amnumiiea Deshayesii found in ' 
the Lower Greensand of the south of England. 
The uppermost zone of the Speeton clay is that 
ot Bekimiiles Tiwiimus. ThiafossU which in the 
south of England abounds in the Gault, here 
occups in asEociation with iTwceramus coacenhieag, 
InoeeramuM sukatus and Nueuta pedinala, irhich 
are also common gault species. The clays, whicji 
are mostly dark blue, and blue black, become red 
at the top, so that there appears to be a transi- 
tion from the red clay to the argillaceous red 
limestone, knoivn as the Hunstanton Limestone, 
or red chalk of early writers. 

The top beds of the Spooton clay may therefore 
be newer than the Neoeomian of which the upper 
limit is the Lower Greensand of the south of 
PIngland. The other beds give a threefold divi- 
sion. So that the Portland and Purlieck limestones 
of Swindon correspond to the Bekmnites lateralis 
beds, which are represented by the Upper Volga 
beds of Knssifl." The middle beds, apparently, 
would correspond to the Wealden period of the 



south of England, Belgium, and Huiiover, ^ 

the zone of BelenmUes semi-canal-icidatus t 
Bponds to the Lower Greensand. 

While these beds were being laid down i 
region which underwent but little change I 
level, 80 that «n uninterrupted deposit of t* 
waa accumulated, the land was upheaved, fui 
south, into those ehallow water conditio 
which the Portland beds are evidence, 
pass without an appreciable break into 
lacustrine and terrestrial Purbeck series. 
is nothing to show that the terrestrial B 
was more or leas tlian an enlargement of tl 
land which in previous ages of secondary t' 
bad supplied the insects, mammals, plants a 
terrestrial reptiles which are found in varii 
beds of the Upper and Lower Oolites, and whi 
by its varying elevation, had effected the diatr" 
tion and nature of the sediments, ail through 1j 
lower secondary period. 

The limestone l^eds appear to have owed t 
existence largely to the influence of the Carbc 
ferous limestone, for many evidences are foi 
that it was repeatedly denuded, while 
sandstones and clays were supplied partly ] 
sediments derived from denudations of i '" 
slatey and schistose rocks. The existence o 
Purbeck beds, which in Dorsetshire s 
tions of thin-bfdded white limestone, with b 
of dark-coloured clay, shows that the Etreao 
fresh water coming from off the land into ^ 
lake, charged the fresh water with c 
lime, just as they had previously < 
«ea; while the uplifting of the earth's surf 



above tlie eca-level, was so gradual that thei'e isi 
no break between the marine and fresh vn-tec 
beds. Neai- the base of the Purbeck beila in 
Dorsetshire an old kad surface is found, kiiown 
e quarrymen as the Dirt Bed. It ia well 
iu the clilFs of Lnlwoith Cove in the Isle of 

{^beck, and in the Isle of Portland. Here coni- 

BaUB trees, sometimes a foot or two ia diameter, _ 
■ prostrate, but the roots and lower p»rta of'.* 
m.trunk remain erect aa they grow. Some of 

\ coniferous trees show nearly 200 rings of 
1 growth and a length of sixty feet. 

long them are the short stems of Cycads, 

ich resemble the living Cj/cas rewluta. 

The Lower Purbeck also contains a multitude 
of iosect remains, on several different horizons. 
IThey are chiefly in cream-coloured marl, and 
include the wing cases and bodies of beetles, 
dragon-flies, and othei' insects. 

A terrestrial surface at the base of the Middle 
Purbeck is evidenced by many jaws, and a few 
other remains of small mamtoals. They appear 
to be little insectivorous marsupials, such as 
Trkonodon, Spahieothermm, and the typo like the. 
kangaroo-rat, which is named Fiaijiauiax. 

The Middle Purbeck includes some marine 
layers with cockle shells, oysters and pectens,, 
with occasional ripple-marked sandstone. Tha. 
marine beds alternate with the fresh-water beds^ 
in which tlic common shells which live in existing, 
ponds, Paludina, PlatiorbiE, J^hi/sa, etc., appear 
for the first time. 

The Upper Purbeck beds are interesting, fiirst^ 
for yielding the grey PaJudina marble, ancientli;: 
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used for decorative carving a 
tha interior of churches ; and, secondly, foP ^ 
number of its fresh-water tortoises, named Plai 
slenioii, Ti-hkh differ from their living alliea | 
having an extra [lair of bones, Btretching oil 
the middle of the breast-plate, knuvn as (j 
plastron. 1 

In Swauage Bay the overlying Wealden bd 
differ from the Purbeck beds in being sauds a 
clays. In the boring near Battle in Susn 
the Purbeck beds, formerly known as the AJ 
bumham beds, contain some important layerd 
gypsum, but no other raleareoiia deposits ; al 
are like the Woaiden beds in mineral charactai 

The Wealden strata exhibit two types. 1 
Dorsetshire and in the Isle of Wight they cm 
prise alternations of numerous beds of grit, sd 
and clay, frequently of the most brilliant a 
colour. A few marine shells, specter of PecH 
occur in the lower Wealden beds of the Isl^ 
Purbeck, In the Isle of Wight they have yield 
multitudes of vegetable remains, among wH 
are pine cones, and especially the fossil fore^ 
Brook, where however, tha great forest tEq 
appear to be drifted and water-logged. In tU 
beds have been found the remains of md 
extraordinary terrestrial reptiles. The 0mm 
ckdnis type of Pterodactyl appears, which has a 
earlier joints of the backbone blended togetla 
as in the frigate bird. There ia a terresta 
saurian named Pohmnihus, which had the loii 

(lort of the body covered with a complete shii 
ike that of an armadillo. Associated with iH 
the Belgian I^uatwdon, the great Cetiosaun 



named Oniiikopsis, and the genera naioeA Ili/psilo- 
phodon, Spkenospandylvs, Vedisauns, etc. 

Further to the north, in the typical Wcalden 
country of Kent, Surrey, and Suaaex, these beds, 
instead of being multitudinous and irregular, 
become sejxirated into great divisions of tolerably 
uniform mineral character. The Aahdown Sand 
ia in the main a hard yellow sandstone. The 
Wadhurst Clay above it, is a number of alterna- 
tions of shale and hardened sand frequently 
ferruginous, with plant remains. The Tun- 
bridge Wells Sand is about 150 feet of sandstone 
more or less divided by thin beds of clay, which 
taxy thicken locally. Above these beds, which 
are named Hastings Sand, comes the Weald 
Clay, which ia 900 feet thick in the aouth--eaat 
of Kent, and iOO feet thick in the west of Surrey. 
It is full of bands of fresh-water limestone, 
formed of fresh-water shells, especially Paludina. 

In various localities in Sussex, particularly 
near Hastings, the footprints of Igvanodon have 
been found, and both there and at Cuckfield 
a multitude of bones occur. They inclnde 
small species of Plesiosaur of the genus Ctmoliti' 
sawue and an Ichtliyosaiir possibly estuarine, 
together with a group of terrestrial saurians, ' 
entirely different from those of the Isle of Wight, j 
These remains include Peltnvsuunis, the I^ua- 
tiodim Mauidli, SuckoMurus and Megaiosaurus, 
as well as fresh-water tortoises. Many plants 
are met with on this horizon, including same 
ferns, like Spk«)wpleiis, with the fronds well ' 
preserved ; and numerous Cycads. Fresb-water ' 
Ehella include the existing Unio. The tcn«%- ' 



trial fauna is very Imperfectly known in cod 
parisoii ^rith tliat buried in the deep valLn 
near Mona in Belgium, from which entu 
Bkeletona of Iffumuxlon and other reptiles hffl 
been obtained. Along the northern outcrop i 
the Neocomian strata, by Fairingdon, Potn 
and Upware, numerous remains have occurred i 
Igaanodon, Megahaaurug, and other terrestiv 
saurians like those of the Weald, and -with thoj 
are remains of Cyeads, I'andanus and Piiw 
On this outurop the Neocomian Sand njj 
BUccesaively on the Kimeridgo Clay, Ailipta| 
Clay, and Oxfoid Clay as at S:>andy and Wobfl 
in Bedfordahire, showing that an unconfumn 
separates the Neocomian strata from the Ooln 
in the middle of England. 1 

The Lower Groensand is a marine bed w]ia 
extends over the fveah-water series of the Wen 
But beyond the Wealden area the sands ■ 
teimed ^Neocomian ; because, although tfl 
exhibit a threefold division, it is difficult alva 
to pi'ove that these parts correspond to M 
Portland and Purbeck, Weald, and Loifl 
Greensand respectively. In the Isle of Win 
the Lower Greensand consists of a large noi^H 
of alternating beds of gaud and clay, more tM 
900 feet thick. More than eighty distinct Iam 
have been grouped into sixteen beds. So tn 
the conditions of deposition of the Weald aea 
to have continued through the succeeding ep<n 
of time ; and occasionally the remains of ■ 
Igvanodcm became floated into the Lower Grefl 
sand from land diminished by depi'ession of fl 
JeveL There is the same correspondence J 
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the Lower Greensand to the Wealden beds in 
stratigraphical succession in the typical Weal den 
area of Sussex. The Lower Greensand is rtinded, 
in the section between Hythe and Folteatone, 
into the Atherfield Clay at the base, which is 
BOmetimes a marina clay resting on the Weald 
Clay, and eonietimes loose sharp sand. Secondly, 
tlie Hythe beds (or Kentish rag) are alterna- 
tions of thin beddeii limestone and sand with 
beds of chert. Thirdly, the Sandgate beds are 
sandy claya not very coherent, often greeti, 
like the underlying beds. And fourthly, the 
Folkestone betls, are tiaually yellowish, uncon- 



aolidaLed, and appear to correspond to the fer- 
ruginous sands of Shanklin in the Isle of Wight. 
Fuller's earth occurs at many horizons in the 
Sandgate beds. The H^the beds occasionally 
contain beds of chert, derived from the growth 
and breaking up of siliceous sponges. Near 
Maidstone it has yielded boulders of granite, 
which may have been the anchor stones of 
, marine plants like Fucus. Kemains of terrestrial 
! plants and of Iguanodon indicate near proximity 
of the Maidstone area to land, which is parallelf "*■ 
in the Isle of Wight. 
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CHAPTER XVni. 

LowKR Cretaceous Strata, 

Ever since the Carboniferous period the influfflj 
of a dividing line extending east to west, d 
elevation of the rocks between Worceste 
and Liticolnehire, has been more or lei 
It has influenced the mineral character of e 
and distribution of life. It has given a 
character to the Oolitic rocks south of liaab^ 
to that shown by the succession of rocka f 
north. The same geographical conditions e 
ate the Neoeomian rocks north and south o 
land barrier indicated on the south by the ] 
beck and Wealden rocks. A like phys 
difference is seen in some of the Cretaceous n 

In so far as can be judged by fossils, the cl 
from Speeton clay to Hunstanton limestone tj 
place in the middle of the Gault ; since the fad 
in the bottom beds of the red limestone i 
the same Gault species as are found in tl 
beds of the underlying clay. 

A similar transition in physical 
seen in Norfolk fi'om the browu s 
termed Caretone at Hunstanton, to the e 
Hunstanton limestone which there r 
This succession has sometimes led to the 1 
that the upper part of those sands is of t 
of the Lower Gault. 

But while there is an apparent conformitjfl 
J. the Cretaceous to the Neoeomian beds on f 

iBt coast of England, at Speeton there i 



hango in the tilt of the land further 
i. which caiised the sea at that time to extend 

JSv&c the edges of the older Secondary strata. ' 
This is seen in land in tho district which is now \ 
East Yorkshire by tlie deposit of the Hunstan- 

r ton limestone which covers the edges of the 

' Oolitic rocks. There appears to have been a 
eimilar depression of land at the same time to 
the west, in Dorsetshire and Devonshire, which I 
resulted in the deposition of sands, known as the 

' Bloickdoicn Greenland, over the whole of the Lower 
Secondary 




__3 west in Dorset and Devon, which 

appear to represent a part, if not the wliole, of 
,th e Gault; perhaps the Upper Gault, and the 
mer Greensand. There is a Eed Limestone | 
me north-east from Norfolk to north of Flam- 
rough, which is a similarly undivided deposit. 
ed geographically between tliese sands in the | 
,b-weat and limestone in the north-east, are I 
Pstrata known as Gault and Upper Greensand, I 
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The Gautt rests on Lower Greensand 
Neocomiaii Sanda. It is a blue micaceous c 
dark in colour in the lower part, where ita 
rich in fossils, and full of layers of concretionaJT 
phosphate of lime, which contains alargeamod 
of iron pyrites in some localities. Ita thicb 
in the south of England ia about 150 feet, but 
thickens to more than 200 feet at Hitchin ; 
one boring at Soham is said to have \ 
through 450 feet without pipreing it. Yete| 
thins .•\w,ay in tho smith of Norfolk, and tW 




develops calcareous beds in ita upper part, '.. 
probably show that the Hunstanton limeatq 
which first begins to be recognised near Sandt' 
ham, includes the Upper Gault. The Q 
extends aa n clay all round the Weald, i 
through the Isle of Wight ; so that ita distrifl 
tion ia connected with the ai'ea occupied by C 
Wealden beds ; and the changea of level by whB 
that district was effected. 

The U^mr Gremtxand genei-aliy follow; 
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distribution of the Gault ; but there are certain 
areas from which it is absent i 
sand. It is well developed in. the Isle of Wight, 
and extends from Eaatbourne through the South \ 
Downs and through the greater part of the North 
Downs ; but there is no deposit of a sandy nature J 
in the Maidstone country, found between the 1 
Gault and the chalk, which jiass insensibly into 1 
each other. IVoni Wiltshire the Upper Oreen- 1 
sand extends to Triug, as a green sand, which ia f 
there about 30 feet 
thick; eastofTring 
its sandy character 
is lost. It has been 
found by a well bor- 



green sand under 
Korwich. All the 
intervening country, 
which Professor 
Hull regards as 
having been land, 
during the deposi- 
tion of the Carboni- no. aOr-AmmonlteB planuMn*, Cra- 

ferous limestone, ''*^° QrcomBnd. 

is covered with a thin bed known as the 
Cambridge Greensaiid, which is not more than 
a foot or two in thickness, and consists 
of nodules of phosphate of lime embedded in a 
paste of green grains of glaucoiiite and marl, 
which entombs the most remarkable assemblage 
of fossils yieldcfl by any formation in Britain. 
When this bed is traced north it ia loiS.', waA. | 
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in 80 far as can be judged from phjsical evidence, 
and iu fossils, it has merged in the llimstantoti 
limestone, which divides into three iMn beds, 
The middle layer of that rock is largely formed 
of concretions of phosphat« of lime. At the base 
of the chalk wolda the limestone augmenla from 
i feet at Hunstanton to a considerable thickness i 
at Speeton, where its upper beds become very 
irregular, and (>aas into the white .chalk without ■ 
strut igraphical planes of separation. The irre- 
gular diffusion of the red colour in parts of the 
chalk would appear to indicate that the colour 
has an organic origin. 

The succession of the Upper Greeusaod upon 
the Gault, is 
manifestly a 
conseiiuence of 
upheaval of 
the old land 
fromwhichlhe 
Upper Green- 
- sand was do- 
rived, bringing* 
the source ot< 
the sediment nearer ; so that it became coarser, i 
The Gault at AVare rests directly upon J 
the Wenlock limestone. At Cheshunt it J 
rests upon the purple Devonian miidstonsB. I 
Therefore this eastern country of England gives" 
no evidence of having been submerged 
during all the Secondary ages till the Gault A 
sea spread over it, and Gault was laid upon it 
And since some fossils, like those of the Carboni- 
/fl/iDUfi)iinesti)ne, obviously derived, have occurred 
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in the Neocomiaii beds of Upware, and in the 1 
Cambridge Greensand (Fig, 31), it is probable that I 
the upheaval which brought about the formation | 
of the Upper Greensand, raised the aiei 
ancient rocks beneath the Ganlt. It became too ' 
shallow for the accumulation of anything but the 
phosphatic products of marine animal and vege- 
table life, boulders of the parent rouks, slates, 
schists, quartzites, granites, of the neighbouring 
land; and the multitudinous remains of Cimo- 
liosaurus and IchthyosaurB, and Ohelonians ; 
together with true lizards, allied to the moiiitor ; 
and crocodiles of existing types. There are many 
terrestrial saurians allied to the armoured Sceli- 
domitjiig of the Lias, a score of Pterodactyls of 
all sizes of the genua Ortiithochirus. One Ptero- 
dactyle, at least, is toothless. This type, which 
has smooth jaws like the jaws of a bii'd, is named 
OniH/iosloma. The oldeet known British bird is 
found in this bed. It is allied to the divers. 

Cretaceous Birds. 
The oldest British fossil bird is found in the | 
Cambridge Upper Grefnsaud. Tbe bones in- 1 
dicate an animal as large as the red-throated f 
Diver. Some bones are like the living genus. J 
Coli/Tnbus ; others show resemblances to Grebes T 
and Cormorants ; and possibly, in the hip I 
girdle, to penguins. The skull is singularly | 
like that of the red-th routed Diver in size and | 
form, and the joints of the backbone are similar, 
but not identical. The femur, the thigh-bone, I 
was more than 1 J inch long ; and the drumstick I 
bone of the lag develops a proeaaa \\Vft a -^"^^^J 
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the knee joint, but it is much smaller than 
the Grebes. The bone may have been i 
inches Ion''. The metotarsua differs from the 
bone in all oxiatiDg birds, because it shows no 
sign of the tarsal bones being blendod with it. 
It was probably about 2^ inches long, so that 
the animal may not have exceeded a height of 
15 iuches. It is unknown whether these birds 
possessed wings. The saddle-shaped mode of 
union between the vertebrte of the neck is as 
well developed as in existing birds ; but it is 
eitherabaect in the back, or imperfectly developed, 
since joints of the back-bone have the ends cup- 
shaped. There is no evidence that the tailTl 
short. It is certain that this bird was a ^ 
bird, and it probably fed under the water, ti 
the divers. It is named Eniliornis. In f 
Greeusand of New Jersey birds have also t 
found which show strong affinities with \ 
living divers; and since those birds \ 
teeth, it is not improbable that teeth were ^ 
present in the jaws of the bird from 
Cambridge Greensand. The bi-coocave condi 
of the dorsal vertebrEe of Enaliornia is 
found in one of the American genera. 

The existence ot these fossils goes to show 
that the family of divers alreadj' existed in the . 
cretaceous seas ; and that their jaws were armed ' 
with teeth, which are not found in any birds of I 
more recent date. Birds have also been found ( 
in the Chalk of Seania in Sweden but the bones 
few. 
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The Buperpositioii of the chalk upon the Upper 
CJireensand, and the rocks which represent it, was 
the consequence of a rapid depreseion of old 
continental land from which the sediments had 
been denuded which hnilt up the lower cretaceous 
beds. Land did not entirely disappear at once. 
There are a few places in Europe in which the 
cretaceous flora ia met with, such as Aix-Ia- 
Chapelle, Halden in Westphalia, Quedlinburg 
and Blankenburg in the Harz, Molletin in 
Moravia, and Niederschcena in Saxony. The 
fossil plant-life found in these localities differs 
a little, but includes Bimilar types to those in 
the cretaceous rocks of Greenland, and North 
America. At Aix, the cretaceous basin consista 
of sands and sandstones about 300 feet thick, 
which rest ujjon the old primary rock which had 
been a land surface. The sands have been 
regarded as of the age of the Upper Chalk, 
though they contain some shells of the ago of 
the Uf^er Greensand. 

The chalk. abounds in scattered fragments of 
ancient crystalline rocks in its lower part. In 
some localities in the south-east of England its 
lower beds contain enough clay to give it as 
aluminous odour ; while, in the west of England, 
its lower beds frequently contain grains of 
quartz. Proximity to land is indicated almost as 
definitely by the preservation of branches of 
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Setpwia, ill the lower chalk of Cambridgeshire 
and nil through the chalk period large timbe 
trees are found which have sunk water-loggea, 
more or less destroyed by the borings otthe 
ship ■worm Tf^redo. The presence of the remains 
of animals, like the flying Ornithosaurs and th^ 
long-bodied lizard DoUaiosaimis, also indic^fl 
proximity to kiid. The larger part of the cha^H 
is supposed to have been accumulated in moderafH 
depth of water, because the rock almost eTerJH 
where shows evidence of alow changes of currec^H 
on the Bea-bod. ^| 

The chalk is divided into four depositjH 
partly ort the evidence of its physical characto^f 
and partly from the nature of its fossils. 1^^| 
lower part of the rock, often termed Chalk Maa^l 
comprises the Grey Chalk of Dover, which ]^| 
coloured with clayey matter, and is known^H 
the Chalk Mart and Totternhoe Stone. I'^H 
bottom beds contain many univalve shells, a^H 
many survivors of the remarkable series ^H 
Cephalopods,named ^copAito (boat-shaped), JWi^^B 
IUm (spirally turreted), BaaiHles (staff-lilra), et^| 
which are so characteristic of the Gault ai^H 
Upper Greenaand. JH 

The Lower Chalk, which succeeds the CitaJB 
Marl, terminates upward in the bed known d^| 
the zone of Holaattr sub-globosas. It is thin ^H 
the eastern counties, but becomes thicker in t^H 
south of England. It is covered by the H(^| 
bourne rock, a bed formed of chalk boulde^^| 
embedded in a ]iaate of chalk, and resting upt^f 
a plane of erosion as marked as that by whu^f 
tie Ckmbridge Greensand rests ou the Gaul^H 



indicating a change of level, which uplifted the ' 
underlying deposit. I 

The overlying beda are the Middle Chalk. 
This part of the chalk lies between the Mel- 
bourne Eock below, and a hard phosphatic bed 
above, known as the Chalk Rock, which rings 
under the hammer. Between these limits the 
Middle Chalk is about 350 feet thick in Bucking- 
hamshire and Bedfordshire, and mora than 200 
feet thick in Cambridgeshire. It is thinner in 
the North Downs, It contains some thin beda 
of flint in the Upper part, which is linown as 
the zone of Rohsier planus. The Middle Chalk 
is a great lenticular deposit, which ia frequently 
marly, aa though a quantity of clay had been 
deposited, while the chalk was being built up, by 
the growth of its characteristic organisms. This 
portion of the chalk has been thought to derive i 
its clay from the old land, of which the Cam- ] 
bridge Greensand is evidence in the previous | 
period of time, the intormisod clay being the J 
tiner river mud carried out into the ocean from I 
a region of ancient and crystalline rocks removed I 
to a greater distance in the depression of land. J 
On this horizon there are multitudes of cup- \ 
sponges with siliceous skeletons, of the genua I 
Vetiineulites. The Middle Chalk ia chiefly con- I 
spicuoua for wanting moat of the peculiar I 
Cephalopoda of the Lower Chalk, and for I 
wanting the sea-urchins and starfishes of the I 
Upper Uhalk. ' I 

The Upper Chalk, which is only about 250 feet 1 
thick in the North I>owns near Croydon, 1 
attains its maximum thickness novtk &.■»?>. ^■soSliL J 
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At Norwich it is about 500 feot thick ; and in 
the Isle of Wight its thickness may be 1000 
feet. At Lyme Kegis its thickness appears to 
be reduced to 50 feet. It is whiter and softer 
than the chalk below. The flint which character- 
ises it, occurs sometimes in horizonital tabular 
layers, in the planes of bedding. Sometimes 
they are in concretionary nodules, fantastically 
irregular in form, which are not absolutely J 
limited to the planes of bedding; occasionally ' 
these concretions are connected together by tabu- 
lar flint The flint 
# nodules have grown 
since the upheaval 
of the chalk, and 
they are, as a rule, 
scantily developed 
on the opposite side 
of a slight disloca- 
tion wherever the 
chalk has been 
strained and frac- 
tured, as along the 
no. ai—Thfl .bepherd'. heart «ta- valley of the 
from the ucpn chiin. Ihames. ihe verti- 

cal layers of flint 
which have been deposited in such fissures have 
cut ofi' the water supply ; so that the flints arc 
large on one side of such a barrier and small 
on the opposite side. 

When the chalk is examined under the micro- 
scope about one-half of its bulk appears to con.- i 
sist of microscopic organisms, of the group 1 
loruminiiera, some of which appeared in the 



rocks and suryiye iit the present day, 1 
lore important of these foramiiiifera com- 
the heavy ahell, shaped something like a 
itilus, named Cristellaria, the broader shell 
like an Ammonite, named PicmyrbvUiM, 
spiral shell resembling a pond snail Bnlimina, 
1 I and the little Glohigeiina formed of spheres, 
^ which succeed each other in a depressed spire. 
The other half of the chalk consists of a multitude 
fragments, largely formed of the prisms whioh 
ipose ebells of moUusca, 
of the shells of Tere- 
iAShynclu}nella,a,nA 
minute fragments of cora.ls 
and Bryozoa; and when 
these organisms cannot be 
recognised, the material is 
amorphous and a product 
of decomposition of organ- 
isms. This may he evi- _ 
dence that a large part of ""■"■. IJiT^S^J^f^^torS; I 
the substance of the chalk central pmiUon or tba I 
not only consists of the ciaik. ■ 
remains of animals which I 
preserve tlieir forms, but that the remainder I 
of it passed through the bodies of animals \ 
i— * which have left little other record of their J 
existence. J 
\ Tht fishes are the chief link between the Chall^fl 
and the Upper Greensand, a large number o^ 

t small sharks of the two deposits being identicaLfl 
There is the greatest contrast between the bedsl 
in mineral character; and in the principal typea^ 
of fossils, because the Upper Greensand gives a.l 
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record of coaditiona of the shore where sedimei 
was accumulating ; and the chalk gives evidoncfl' 
of conditions in the open sea, almost beyond the 
limit to which sediment was carried, thus demon- 
Btrating how great the difference in fossils may 
he with a slight interval in time. The conditions 
compared are such, in the two deposits, as may. 
be found on the one hand on the south-wesT' 
shores of Ireland at the present day, and on tht 
other hand on the ocean floor iOO or 500 milM^ 
to the west in the Atlantic, where an organic 
deposit is now accumulating which closely re- 
semblea the chalk. But the sharks on the Irish 
coast are not limited to the shore, and leave their! 
remains in the open ocean as well j exactly ai 
happened in the ages of the Upper Greensana 
and chalk. Just as sea-iu-china occur scatterea] 
through the chalk, so they are found living offl 
the chalky floor of the Atlantic Ocean ; and thai 
modern representative is sometimes very cIoseljM 
allied to the ancient fossil. J 

The chalk is no exception to the law that tha 
fossils change with every few feet of a depoaa 
from its base to the top. Thus there are nuna 
erous ^nera of sea-egga of the order termM 
Echinoidea, some living and others extinfl 
found in the Lower Chalk siich as Salenin, i^«a 
dodiadema and Hohstm: Ananchyles, ffaierifiM 
MiemsUr and C'ljphosoma characterise the TJppn 
Chalk. This succession of fossils in the severj 
beds of chalk is traced through the country. I 

There is no evidence in the chalk itself, an 
least in this country, of its deposition coming tffl 
an end. Its newest beds at Norwich give nm 
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sign of shallow water conditions. Its 1 
beds in Holland, however, are the yellow gran- 
ular limestone of Maeatricht, which indicatea a 1 
nearer approach to a shore than the chalk of 1 
England. In Denmark univalve shells, which | 
from time to time lived in the chalk sea ( 
definite horizons, like the Totternhoe Stone and 1 
the Chalk Eock, are found in the newest chalk I 
to include shells which are not known otherwise 1 
till the tertiary period, such as the genera Cyprma ' 
Olvm and Mitra- They indicate that the shore 
conditions of the chalk sea are returning in its 
newest beds in consequence of a general upheaval 
of the aea-bed into land in the European region. 
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LOWER TERTIAKY, 

The tertiary rocks occupy the basins drained by ' 
many of the rivers of Europe. And although 
they sometimes occur far inland, and at con- 
siderable elevations above the sea, as in the 
Alps, Atlas, and many of the mountain chains 
of the old world, they arc necessarily among 
the most recently elevated parts of the earth's 
surface. Occasionally there is a possibility that 
one deposit extends continuously from the upper 
cretaceous to the lower Tertiary. The evidence 
of this continuity in time is only found in North j 
America, in the " Laramie formation," in whioK 
there are no marine fossils ; but which in 
California and British North America abooi 
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in pluDt remains, and yields some vertebrata 
which favour that conchision. It would there- 
fore appear that in some parts of the earth there 
is no break between the secondary atid tertiary 
rocks in time, any more than between the other 
rocks which give records of geological time. 
The tertiary beds, when followed in their suc- 
cession from the oldest to the most recent, show 
an inereasing number of the species of fossOs to 
be still living, while the number of genera which 
are extinct becomes successively smaller. The 
geographical distribution of the surviving life, 
however, is always different from that of the 
fossil life. There is a successiou of tertiary 
floras ; the older are Oriental and Malayan and 
Australian in their affinities; succeeded by others 
which have a greater analogy with the existing 
flora of the western part of North America. 
There is a similar geographical relation of the 
fossil shells in the Tower Tertiary rocks. They 
are at first essentially the shells of the south 
coast of Asia, but afterwards include many forms 
which can only be paralleled at the present day 
at our Antipodes, so that the life which is now 
found in many distant regions, passed in suc- 
cessive ages over the same area of the earth, and 
furnished fossils to the rocis which were laid 
down upon successive portions of the sea-bed as 
it slowly moved onward. 

The oldest tertiary strata in Europe are those 
of Motia in Belgium, where the chalk is bent 
down into a trough, which received the wate 
of a shallow sea at an earlier period 
the chalk of this country, so that it carries-J 



older deposit of tertiary age. In like manner 
the east of England was depressed at an ear 
period than the conntry iu the meridian of Head- I 
ing, 80 that the beds in the eastern part oF the I 
Thames basin of our own country are the oldest I 
in the British tertiary aeries. The Montian fosdl I 
shells of Belgium include many which are common | 
to the deposits of the lower tertiary period. 
Tlianel Sands. 
The Thanet Sands are the oldest tertiary bed 1 
in this country. They are a wedge-sha_ 

■■ ' and which occurs in the east of the ' 




Heme Bar | 



trough tnown as the London baiin It la 90 
feet thiLk at Canterbuiy and Heme Bay, and 
thins westward, being absent to the west of a 
line from Leatheihead to Hertford It 
marine deposit, abounding m shells, most of j 
which live on into the London clay There is a I 
Pholadomyit, agenus which smmesmthe West ] 
Indies, and the Nautdub Soweilni, a species met 
with in the London clay, but most of the other 
fossils are of such genera as occur upon the 
British shores at the present day. The J 
commonest are species of^ Ciiprina which re- J 
semble the living Cyprina Jslmdica. The sands | 
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are nowhere consolidated; usually of a yelloJ 
colour, almost free from any mixture of pebble^ 
but Bometimes yielding, iu the eaet of Kent, a 
few rounded flinte which show that the chalk had 
begun to be denuded, and coatributed some 
particles to the crystalline grains of qnai-tz which 
form the sand. Under the name Laiidenien 
inferieur, the Thanet Sands are traced into 
Belgium, being well seen about Brussels. They 
are also traced into France by waj' of Calais, but 
il is not certain that they extend into the Paris 
basin. The laud surface which occurs at 
Gelinden, near Lihge, makes known a large flora 
similar in some respects to that of Aix, with o 
like those of the mountain districts of Asia, -^ 
laurels, willow, ivy, and other familiar t 



Above these bods succeed the Woolwich a 
Heading beds, 25 feet in cast Kent and 90 f 
under London. They are the upper Landenig 
of Belgium and the north of France, sometji 
known as the zone of Oslrea hellovadna, i 
Peciuncuius terebratnlans. Ascending the T" 
these beds are at first marine sands, difTering b 
little from the Thanet Sands. At Upnc 
Rochester, they become estuarine, and co 
layers of rounded pebbles and alternations t 
day, sands and shell beds. This condition a 
tinues up the Thames valley, and the mar 
shells, which were scarcely distinguishable fro 
the shells of the Thanet Sands at Herne Ba 
give place to fresh-water shells under Londoij 
At Loampit Hill remains of terrestrial plants a 
insects also occnr. At Heading there is 
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matted leaves, referred to species of fig a 

laurel and allies of the evergreen oak, iii 1 

lower part of the sands. These deposits, which 1 

were formed in fresh water, alternate with heda ] 

containing marine shells which have a long range 

in time, some occurring in the Montiau beds and I 

surviving to the London clay. It is therefora-J 

shown by these Woolwich and Heading beds andfl 

their fossils that the dome of the WeaidenJ 

district, between 

the Thames and the 

English Channel, 

WHS raised into 

land ; and that the 

chalk which once 

covered it furnished 

the flints which 

were rolled into 

completely rounded 

pebbles before they 

were swept down 

into these tertiary 

beds, which are now 

exposed on the 

northern slope of 

the North Downs. 

With the oscillations in level a part of thia 
land arpa at least supported the vegetation 
which furnished those beds of lignite which- 
extend by Woolwich and Bromley, and the forest 
trees, which show by their leaves a marked 
resemblance to those of Gelindon, Thia in- 
dicates that the ancient connection, by coo-J 
tinuouB land, between the south-east of what \mM 




aaii. The shell hi 



■1T6 



THE STOKT OF THE KARTH. 



now England and Belgium and Hanover, ■ 

mainlaineU in the terliiiry period just a 
been in the older epoch of the AVeald. 

In one locality, near Eheima in France, 
lower tei'tiary beds have yielded many r 
of mammals which foreshadow lemurs and rodeo 
Among these occure the Neoj3!agiauUix viA 
seems like a survival of the I'lagiaulax of f 
Pnrbeck beds. This is worth recalling ; 
account of the resemblance of the tertiary plat 
of this horizon with the cretaceous flora. 1 
Loadon day indicq 




banished the s 
of the tertiary If 
to some disti 
There are osi 
tions in its ! 
which varied 
the mineral < 
acter of the stra 

At the base there ia usually a bed of c 
rounded flint pebbles known as the baaem 
bed, with sharks' teeth. The clay gives \ 
dence at its base of terrestrial life, and s 
proximity to land, in the presence of & i 
mammals, some of which are allied to the exiati 
tapirs. With these are found crocodilea of £ 
type now living, and freshwater tortoises, s' 
as frequent estuaries at the present day. 

The middle of the clay abounds in cralM a 
lobsters. While the top bed, about 50 feet tl 
is rich in plants represented by the fruita < 
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large flora. The upper beds, like the basement 
'3, are sandy. At Bogrior the sind at the 
) is calcareous and concretionary, with many 
ine foaeil ehells. 
1 London clay is 500 feet thick in Essex 
It thina to the west and south- 
400 feet under London, 300 at 
mpton, 200 at Alum Bay and 100 at 
Uid Bay on the opposite coast. To the 
east it is thickened with the aanda in its 
^ part. Its fossil shells, such i^ Cyprea, 
iSf Cantos, Pleurotoma, Fusm, are of types 
li abound in the seas to the south of Asia. 
lanta which occur in its uppermost part 
ave an Asiatic charaoter. The conifers are 
npresented by Cypresses, the Sequoia, Pinea, 
" B Yew Salisburia. The lilies indude the 
I American aloe, Agave. A species of 
! represents the Sarsaparilla tribe. Ban- 
■jue known from the genus Musa. The 
^ order is represented by Amomwm which 
$ Cardamoms, Nipa, a screw pine common 
' i banks of the Ganges and in the Malay 
lula, is by far the most abundant fruit, 
^associated with many palms, among which 
reca palm, the nutmeg type, the fan palm 
& south of Europe Ckamerops, and the great 
Sibal are conspicuous. The oak, hazel, 
_ oTnnt, liquid amber, laurel, magnolia, ebony 
and spurge are present, as are representatives 
' of some medicinal plants like Sliijchttos, which 
yields nuK vomica, and of Cinduma, which yields 
quinine. There are representatives of the tomato 
and melon. Apples are n 
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id nsBDciated with almonds and pluD 

is repreBented by a speciea of JTieoJr 
There are several limea and maples. 
lilies are reprcaented by the Lotite, i 
Victoria lily of tropical America. 

The London clay is well developed in Belgia 
and in the north of France. It does not raaa _ 
the Paris basin in a recoginsable form; though 
it may be represented by the lignites and sands 
of the Soissonnais. But neither the lignites in 
France, nor the Ypresien beds which represent 
the London clay in Belgium, yield the abundance 
of fruits which is met with in the Islo of Sheppey, 
Some of the Belgian specimens of Nipa are much 
better preserved than the macerated and com- 
pressed fruits of Sheppey, as though they were 
deposited without being ao long in the water. 

Above the London clay are the sauda which 
cap the hills at Harrow, Hampstead, Highgate, 
High Beech, Haveringate and many places in 
Essex, having formerly been spread continuously 
all over the London clay, as they still are between 
Egham and Aldershot. They form Ascot Heath 
and Bagshot Heath, and are known as the Eagshot 
Sands. 

The lower part, termed Lower Bagshot Sands, 
thickens in the Isle of Wight to about 800 fee^ 
and forms the brilliantly coloured vertical sands 
of Alum Bay. They are laminated with films of 
clay at Woking, where the thickness is about 
100 feet. Beds of pipeclay frequently occur; 
and occasionally, as at Newbury, the pipeclay 
contains fossil leaves like those at Bourn emouth. 

In the Isle of Wight the bands of pipeclay are 



exceptionally pure, as though they had bean de- I 
rived from white felspar, but never extend far. I 
They are usually only a few inches thick, though I 
occasionally thick beds are found. From them a I 
fiora has been obtained, which, although known I 
only from the leaves of plants, indicates many I 
of the types at the top of the London clay whicn I 
are known only from fruite ; bo that they may I 
well be regarded as a surviving part of the v 




tation of the London clay. Among these Alum I 
Bay plants are some of tha Cypresses and Sequoia, I 
Smikx and the palm Sabal is identified in both. | 
There is the same arum named Aronium. The j 
oak, walnut, laurel, cinchona, ebouy, magnolia, 
maple, the soapworta Sapindlus and Cupania, 
the allspice and Eucalyptus, the almond and plum, 
and the mimosas are common to both deposits. 
Besides these, the Ahmi Bay beds make known . 
many new types, of which the London clay gives 1 
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no oviilenee. Among them are the boech, elm, 
fie, bread fruit, willow, poplar, sandalwood, the 
Mesereon, Arietolochia, olive, asb. convnlvulua) 
verbena, bilberry, some heaths, the aralia, dtw- 
wood, white water-lily, custard apple, holly, bucfe- 
thorn, vine, sumach and pistachio, Theae are 
among the more important new plants introduced 
in the Bagshot Sands; and with them are a 
number of Proteacete, referred to genera now 
living in Australia, as well as a representative 
of the type genus Proleoides, the sugar bush of 
South Africa. One of the moat striking features 
in the flora is the small number of palms, and 
the absence of the Nipa, which in Sheppey ia the 
predominant fruit and is present in the newer 
beds at Bournemouth. The fruits and leaves, like • 
the shells in the associated strata, indicate af- 
finities with the life of far-off regions of the 
earth. It ia a generation since Unger, a Viennese 
student of the fossil plant-life of the lower terti- 
aries, impressed with the occurrence of numerous 
genera in Austria, which live at the present day in 
Australia, regarded the eocene flora as indicating 
a mignitory passage of the ancient plants from 
Europe into the Australian region. The plane 
of junction where the Bagshot Sands come to an 
end, and the succeeding marine Bracldeg/iam beds 
begin is not easy to draw ; because the Brackles- 
ham beds contain locally thick layers of ligi ■"^ 
which have the aspect of a coal seam, and indj' 
the persistence of terrestrial conditions and i 
oaciUationE of that terrestrial surface in li 

Low down in these beds is found the 1 
foraminiferons shell named Numtmilites I 
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It does not form a thick bed ; but probably marks 
the geological horizon of the Nummulitic Lime- 
stone, which is one of the most important lime- 
stones in the old world, and extends fronii 
the Alps and Carpathians into Thibet, and from , 
Morocco, Algeria and Egypt through Cabul and 
the Himalayas to China. 

In this country the Bracklesham beds in Sussex 
and the lale of Wight are alternations of gi-een 
sands and sandy clays, which are separated from 
the overlying Barton clay by a conglomerate 
formed of rounded flint pebbles. At Bourne- 
mouth their character has changed. They are 
foxy-brown estuariue sands with beds of pipe- 
clay, in which occurs another flora, with many 
ferns, palms, cactus, eucalyptus, figs, willows, 
beech, and nipa. The cactus is an American type. 
Subsequently the North American type of vegeta- 
tion became more abundant in Europe in the 
middle Tertiary period, and better defined by 
many genei'a. The Barton claif succeeds the 
Bracklesham beds. It is a blue clay, about 300 
feet thick, with an extraordinary number of 
fossil shells, many of which are similar in genera- 
to those found in the London clay and Brackle- 
sham beds, though the clay is characterised by the . 
abundance of individuals of the genera Chama, 
Crassatdh; Fusus, and Voluta, and by the presence 
of some peculiar genera Kke Typhis, a univalve 
similar to Murex, except that the spines are 
tubular. There is no such fauna anywhere to be 
met with at the present day. It is not unlike a 
blending of the existing Malayan and New Zealand 
forms of marine life ; and many of the shells, like 
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the Ci-assalella, Typhis, Ciuima, Pedtn, Pectuncul 
are very similar to species now living in or a' 
the New Zealand boob. 

The Bmokleshani beds have geuenilly been n 
garded as representeti by the Calcaire grosut 
of the Paris basin, while the Barton clay corre _ 
spends to the grits with the NummuUtes vumlariu^ 
and some newer deposits, such as the 6res dc 
Beauchamp. These beds are well represented in 
Belgium. The Brackleahani beds have yielded 
some interesting serpents of the genus PalceojilliM 
though not so large as those of the London claj 
In the Barton clay occurs a marine maramM 
of the genus Zeuglodon shown by its back bone fl 
be a true whale, which has the teeth double-root<H 
and serrated in a way that is seen in no otliH 
animal, though resembling some seals. I 

The Barton period comes to an end with m 
deposition of 200 feet of sand, in which fosoM 

Theoretically, the Bracklesham and Bartofl 
beds together are an immense expansion of tn 
middle 50 feet of the Bagshot sands at AldaH 
shot, which contain, in some of the clayey layeiM 
impressions of fossils which appear to be identioM 
with those found at Barton in Hampshire, ana 
Bracklesham in Sussex. On this hypotheaiB t^l 
Bracklesham and Barton beds indicate in ^H 
Hampshire area a depression of the old sea-befl 
into which peculiar faunas successively movafl 
The upper Bagshot or Barton sands bring bafH 
again the conditions of a shoal, or shore, due tofl 
genera! uprising of the land. The few shells whiofl 
have been found in them are Barton species. I 



The Bea-bed continued to be elevated until it I 
paeeed into a land Biirface, in the succeeding I 
period of time termed Oliffocene, which is the odIv ■ 
part of the middle Tertiary represented in this I 
country. 
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MIDDLE TEETIAKY. 

The Middle Tertiary period, usually termed 
Miocene, makes a mora striking approximation 
in its life to the animals and plants which exist 
at the present day. In the European area it is a 
record of terrestrial and lacustrine conditione, 
alternating with the deposits of shallow seas. 

In this country only a portion of the earlier 1 
part of the Miocene period is represented by I 
deposits which now cover the northern part M 1 
the Isle of Wight, much of the New Forest, and I 
are exposed in the cliffs at Hordwell, Tollands I 
Bay, at Bembridge and Hempstead. These strata I 
are grouped together as Oli^'ocene. 1 

Hcadon Beds. I 

The oldest oligocene beds, knoM'ii as the J 
Headon scries, are 130 feet thick at Hcadon HiU, I 
in the Isle of Wight, are in the main fresh-water J 
strata. They comprise first, about 70 feet of 1 
brackish water marls, and fresh-waler limostonefi, j 
superimposed upon the marine sanda above the 1 
Barton series. This proves that the shallow sea, J 
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with the Upper Bagahot Sanda for its floor, ha 
become converted into dry land, upon wm 
lakes were formed by fresh waters draining ita 
the bottom of the trough from a limestone regu 
such as the chalk or the oolites. I 

The strata and their fossils show that the le4 
of the land fluctuated. The lalces became Boia 
times occupiedwithbrackish water, so that mai^ 
life divides up the iresh-water deposits, Afa 
the lower fresh-water beds were formed, the lag 
was submerged, so as to give rise to the Midd 
Head on beds, whiuh are essentially maria 
There are gi-eat banks of oysters ivith numercd 
marine shells, most of them similar to the tyn 
which had previously been known in the Bartd 
clay. These marine beds became betd 
developed at Erockenhurst in the New Foroi 
where some corals are found, together wfl 
the vertebral column of Zeuglodon, a marii 
mammal of the whale type, with teeth lij 
seals, already known from the Barton ciM 
These marine beds are widely spread in Genmujg 
After they were deposited the land was raisj 
once more, and the Up]>er Headon beds formd 
which reach a considerable thickness. They a 
fresh-water deposits, consisting of marls freqneni 
green, full of the large Paludvna lenia, the C^wJ 
obomta and the extinct Potommiya plana, wM 
alternate with thick limestones, commonly fulij 
fresh-water shells of the genera Planorbis at 
Limium. These limestones are almost entir^ 
the produce of the growth and decay of thefrea 
water plant Chiira which precipitates carboni 
of lime upoa its tissues by absorbing carbonic bA 
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} from the ivater charged with carbonate of 
In those limestones remaioa are found of 
Bstriitl mammals of the types present ic the 
beds at Paris, although they are not so 
Bierous as in the Bembridge beds. 
ffhen the Hesdon beds are followed to the 
; of Hampshire, the limestones disappear, 
^ to the conclusion that the upheaval of the 
l^k, -which now runs in a nearly vertical position 
fough the Isle of Wight, had already begun to 
mpply the 
calcareous 

(matter, 
which the 
B t r e a m s 
brought into 
T the lakes of 
, the Headon 
period. 

The beds 
which rest 
upon the Up- 
per Headon f 
strata are 
termed the Osborne or St Helm's series. They 
are sandstones and marls, much thicker i 
than any of the sandstones and marls in the ^ 
Headon beds, and therefore in contrast to them. 
Some of the sandstones become calcareous, and ' 
pass into concretionary limestones. The ahelia J 
are all of fresh-water types. The sandstones are 
sometimes ripple-marked, probably by the wind. 
The Osborne beds are about 80 feet thick, 
and divide the Headon from the Bembridgi 1 




beds. The Bemlirulije Limestone is thick, very liS 
the Headon HmeHUiaes, rather ereamy in coloU 
full of the same tyi^es of fre^h-water sbeu 
and containing many land shells, especially M 
amploa of the genera Helix, Bidimus, and Glandiim 
These land-shells have a marked allinity wiS 
species now living in North America, with whla 
one or tn-o may be identical. The BembriH 
limestone abounds in soed-vesselE of the plM 
Cbara, which formed it. Remains nccnr in itfl 
several species of the extinct mummal Po^ 
iherium which in some ways approximated m 
structure to existing tapirs. I 

Where this limestone caps Headon Hill 169 
about 15 feet thick. The Bembridge marls id 
upon it successively in the section at Hempated| 
They are grouped into a numl>er of sandy bd 
and shaly clays, full of estuarins shells, am^ 
which are the genera Melania and M^aitopm 
which alternate with beds containing Cgrena am 
other bands in which the shells are of ft'esb-'Wfa 
species. | 

The top of the marls is the remarkable tW 
deposit known aa the Black Band which is U8a^| 
grouped with the overlying Hempstead series, J 

The Hempstead Beds. I 

Hempstead Hill lies to the east of Yarmoitl 
in the Isle of Wight, on the shore of the Solfiii 
It is formed of about 170 feet of fresh-water xm 
estuarine marls, capped by a marine atratua 
The marls have a general resemblance to til 
Bembridge marls. The Black Band at the baa 
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is about two faet of clay, coloured with ve^ 
able remains, among whiuh Sequoia and water- 
lilieB ha,ve been recognised, together with the 
teeth of Palceotherium and other mammals and 
remains o£ tortoises and crocodiles. It is an old 
terrestrial surface on which rest, first, the lower 
marls with Mektnia muricata, j secondly', the J 
middle marls with Ceriihium Sedgidcki ; and,! 
thirdly the upper marls with CerUhium pHeattm. ■ 
At the top are the Corbnla beds which contain ' 
several marine shells in addition to the estuarine 
forms, among them Voluta Eathieri, Ifatica, 
Corbula, and a species of oyster. The character- 
istic mammal of these beds is the Hyopotamm. 
These are the newest British deposits in the Isle 
of Wight of oligocene age. 

The lignites alternating with clays which fill 
up the basin at Bovey Tracey in Devonshire are , 
probably of the same age. They form deposits 
about 300 feet thick ; probably once thicker. ' 
With the exception of a single beetle, the remains 1 
found in them are about fifty species of plants. I 
The lignite itself is chieSy the flattened trunks 
of the Sequoia CoiUisim. About half the plants 
are regarded as of peculiitr species ami the ! 
remaining twenty-five occur in the Miocene of ] 
Gfermany and Switzerland. Among these trees 
are species of fig, oak, kurel, ciimamon, the 
sour gum tree Nysaa, a palm, vine, and some ferns 
such as Lastrea. I 

On the Continent the Miocene bods attain 
singular importance. Not only from the part I 
they take in forming the biisiiis drained by so 
many rivers, and in the structure of the Al^a^ 
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but u!so on account of the remarkable rrn 
remains which they yieid. 

The Dinol-heriuiti, which appears to have been 
a Bort of Maetodon with tusks in its lower jaw, 
is one of these. The three-toed horse, named 
Hipparion, is even more interesting, while the 
foEsUs obtained at Pikermi, near Athens, include 
ginifies and many other animals which have long 
jiassed away from Europe. Perhaps the most 
extraordinary Miocene fauna is found fossil in 
the Siwalik Hills in India, which lie between the 
Jumna and the Ganges, and rise to a, height of 
2000 or 3000 feet. The species of Hippopotamus, 
and allies of the giraffe and other Airican types 
which are there found, testify that change of 
area in the distribution of genera on land in the 
Tertiary period, continued as persistently as " 
migrations of marine life in the Primary peric 
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After the great terrestrial oiwch of the newer 
Miocene period had passed away entirely un- 
represented by strata, in this countiy, dep 
named the Crag, are found, which fringe the 
in Norfolk, Suffolk, and Essex, occur in a 
places in Kent; and in Belgium. 

The relative age of these beds was first del^ 
mined by the method of counting the numbw 
existing species in each of the tertiary 



On that basis the tertiary epoch had been divided | 

into Eocene, or lower Tertiary, Miocene, or j 

middle Tertiary, and Pliocene, or upper Tertiary. I 

Subsequently the Lower Miocene waa named | 

Oligocene. In the Pliocene the fossils include ] 

more than 33 per cent, of living species. I 

In this great period the Crag linda a place. I 

The older beds, named Coralline Crag, have 84 i 

per cent, of the shells still living ; and iu the ' 
newer or Eed Crag 92 per cent, of the shells still 

The Coralline Crag rests im conform ably upon 
the London clay. Its lower part consists of 
yellow false bedded sands, which sometimes form 
a building stone about 30 feet thick. This sand 
appears to have been derived from denudation 
of the Bagshot aanda which once extended over 
the whole area of the London clay. The sbolly 
beds inchide a number of kinds of life which are 
now only represented in southern seas, 
many as two hmidred species are said to be found 
living in the Mediterranean, and a few are 
paralleled off the coasts of Japan, Mexico and 
the West Indies, But while about sixty-five of 
the species are known oidy in southern seasj 
fourteen only in northern seas, and seventeen 
have been met with in no other deposit, there 
are as many as 185 Coralline Crag shells still 
found in the British seas. 

The rook is named Coralline Crag fi-om the 
large extent to which its ujiperbeda consist of the 
remains of Polyzoa which were formerly termed 
corallines. Of those Polyzoa which are still living, 
26 out of 30 are met with in British seas, but the 
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majority of the foasila belong to tho two extinct 
types ^Iveolaria semiovaia, and Fusicularia aur- 
anlhm with which are some species of the genera 
Retep<mi. Idmotua and Esekara. Tho fishes of this 
crag include the cotnmon cod, green cod, power 
cod, the pollauk, whiting, and whiting pout, with 
which have been found the gi'eat teeth of the 
shark Careharotlon, and of Otoduts. 

At the base of the Coralline Crag, in places 
where the shark's teeth are found, is a bed of 
nodules of phosphate of lime, in which bones of 
the dolphin Clume- 
zipkijis occur with 
teeth of the whale 
Bi'hi'iuifhii, asso- 
ci.'itcd with teeth 
of doer, rhinoceros 
and Miidodon which 
were obviously de- 
lived frcm a land 
surface, and pi 

Fia. BD.— Cardlta icDllis, from Uie from an Older < 
Conlltpe Crag. -^^ jj^ jjjjg -|^ 

are midti tildes of fossils from tne London clay,a. 
a few crocodiles and Plesiosaura derived from ^ 
older Secondary rocks. 

The characteristic shells of the Coralline C 

besides the comparatively rare species of VohA 

CassUtaria, Pynda and Linguhi,, include many 
species of the genus Aatarte. That genus whicn 
now characterises northern regions, is here repre- 
sented by multitudes of individuals. The Oypr ' 
fsUmdica, Terebralvia grandis, Curdila i^enilis, 1 
cinum dalei are typical fossils. 




Tk« Jted Crag. 

^fter the Coralline Crag was formed in 
tranquil depth of wat«r, tlie shores appear to 
have been upheaved. And on the eroded surface 
about 20 feot of fahe bedded isands and commin- 
uted shells were laid down, as shore deposits, 
which fringe the island-like masses of white or 
coralline crt^. This newer deposit, named Bed 
Ora^, indicates three or four successive deposU 
tions. Each of its Iwds was planed level by 
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denudations, which left thin layers of pebbles ai 
nodtiles of phosphate of lime at the junctions. 

It haa been observed that the older Ked Ci-ag I 
at Walton on the Xaze, has fossils more like 1 
the species of the Coralline Crag than are ] 
foand elsewhere. At Butley a zone abounds in 
northern S[>ecie8, and on this is a newer crag 
still. The Red Crap; along the river Debea con- 
tains a larger number of terrestrial mammals 
than has been found at the base of the Coralline 
Crag. The additional types comprise species of ' 
tftpir, the Siwalik Hi/ienarclos, hyana, Hipparwn, \ 
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besides deer, bear, and among marine animalBl 
Haliihenum and a walrus with large tusks. '"^ 
shells are interesting from the dominance ( 
few types, auch as the reversed variety of 1 
Fu»«s aniiquus, which is associated with the c 
mon whelk, the European cowrie, the comi 
purple shells, and species of the genera NatL 
I!marffinula,Pe(iwieulii.% Mya, LuHna and Cardtd 
At Norwich the Red Crag becomes eatuarii 
The Forest Bed of the Norfolk coast may ' 
part of its land surface. A patch of Cn. _ 
found north of Penzance, at St Erth, 98 feet 
above the sea. A more interesting deposit on the ' 
summit of the Ch^lk descends into pipes in the 
Chalk at Lenham in Kent, indicating that denu- 
dation has removed the Crag from the surface of 
the country. 

All through the crag the temperature on the east ■ 1 
coast was becoming colder. This is evidenced hv ^ 
the presence of stones in the newer crag whion m 
appear to have been floated southward in ice; r 
and it may be indicated by the increasing number I 
of shells which at the present day characterise 1 
northern and arctic seas. Eventually the crag I 
land was covered with boulder clay, and the fi 
whole country experienced glacial condjtiona. The 
cold is attributed by some to change of form in 
the earth's orbit, by which the winters increased 
in length. Others attribute it to upheaval o! ' 
land. Upheaval of Scandinavia aud the North ■ 
Sea would displace the shells southward, and lead 
to a condensation of vapour, from which glaciera' 
would result large enough to cross the plain. ^ 
the North Sea and reach Britain. 




CHAPTER XXIir. 
Glacial Period and Gkavels. I 



So luanifoBb ii break in the succession occurs vitiH 
the Buperpositiou of the Glacial deposits upoa 
the Crag, that some geologists regard them as 
beginning a fourth great division of the strata 
which is named Quaternary or Post- tertiary. 
Others place them in a division of the Tertiary- 
period, which is named Pleistocene. The 
singular feature of the formation which justifies 
a separate name is the wide spread of the glacial 
conditions over the Earth, In many countries 
where ice now is only a passing incident of 
Winter, clays are found, blue, purple, or brown, 
full of fragments of rocks which arc mostly 
local, though many have travelled from distant 
places. These boulders, which cause the deposit 
to be named Boulder Clay, are often smoothed , 
and grooved or scratched on one side like stones , 
which have travelled in the sides or bed of a 
Glader. The deposit is often indistinguishable 
from the clay found in Alpine valleys, from 
wbich Glaciers have retired which once covered 
the country. The high ground in every land 
in which Boulder Clay is found supports this 
inference with evidences of the work of ice. 
The Mountains of Scotland, the Lake district 
of England, and the Snowdon district 
are smoothed and grooved by sheets of ice which 
have tossed away, Small joints in the old slates 
have been widened and Aee^Tiei m "Oiic -«^SjK^'ii,^ 
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\ until rounded stnictures have boen produced like 
I the backa of huddled sheep at rest. This condi- 
ijdon known as Roches moutoiiu4es is sometimeB 
joaed liy a retreating glacier in the Alps, and 
J manifestly due to ^e work of frast and 

Above many a mountain valley, such as the 
Pass of Llanberis, angular atones are perched in 
positions where water could never have left them. 
They are regarded as having been the stones of 
moraines once carried on the surface of a glacier, 
and left behind in their present places when the 
ice melted beneath them. The great blocks of 
crystalline rock above Neuchatel are of the same 
substance as the Mont Blanc chain, and could 
only have reached their present position upon 
the limestone chain of the Jura by crossing the 
central valley of Switzerland. On such evidence 
Glacial conditions for a country may bo inferred 
even though boulder clay is not seen. 

In North America Sir J. W, Dawsou haa 
described the evidences of the Canadian ice-age 
as comprising, (i.) a Lower Boulder Clay, whidi 
rests upon a glaciated and grooved surface of 
rock; (ii.) The Lower and Upper Leda-clay with 
marine shells and drift plants; and (iii.) an 
Upper Boulder Clay with the shell Sa.dcava, and 
gravel. The Lower Boulder Clay forms the 
basins of the great Canadian lakes. The boulders 
are mostly of Laurentian gneiss. Their striation 
is attributed to the grating of pebbles included 
in shore-ice upon the rocky iloor beneath, wl 
teoved by the tide. 

Britaiii the g\a.iiia\ &.e'^\\a m% 
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t irregtilarly, They consist of Upper and Lower* 
I Moulder Clays on the east coast, divided by ■ 
' Middle Glacial Sands with marine shells. 
I The granite of Oiffel in Kirkcudbrightshire ial 

I found in the boulder clay over Lancashire and I 
' North Wales. Boulders of Volcanic rocks from ■ 
' Cumberland are scattered over Cheshire. Dia- I 
tinct streams of glacial drift extended down both I 
' the east and west aides of Britain. The bouldera 1 
: of Westmoreland Shap granite found over the 1 
plain of York and between "Whitby and Scar- 1 
borough on the coast, prove that boulders were f 
also distributed eastward from local centres, not- I 
withstanding the Scandinavian source of many I 
rocks in the Boulder Clay on the Norfolk Coast I 
at Cromer. The Boulder Clay found near Loiidoa I 
at Fiuchley, and at Ilornchurch in Essex, is full 
of travelled ice-grooved rocks, with fossils from 
the secondary strata of Yorkshire and Lincoln- 
shire, Glacier ice transported the rock matter, 
but probably shore-ice and icebergs were partly 
concerned in depositing it, so as to fill up the old 
valleys and leave the clay on the surface of the I 
country. The denudation since the glacial period I 
has been very great, and the glacial beds are cut I 
through by modern valleys which are excavated J 
in the underlying de[>osits. 

In many parts of the east of England a series I 
of gravel beds occurs beneath the Boidder Clay, 1 
and in these pre-glacia! gravels, chipped flint im- 1 
plements of the Paheolithic typo are said to be 1 
found 

In the east of England the Boulder Claj 
which caps Mils is itseU cap^iVj twMWi'^ 
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gravel which has the aspect of being boult 
clay from which the clay has been washed o 
The RTavels descend to lower and lower levdr 
till they occupy the broad flhallow troughs 
throi^h which exiating rivers flow, from which 
we may infer that elevation of the iFtnd has 
gradually contracted the width of exieting rivers. 
Chipped flint implements are found in both the 
high and low level gravels, with remains of 
mammalfl, which are mostly African in their aflini- 
ties, and mostly extinct. They include species 
of Hippopotamus, Rkinowos, Ehphas, Lion, Bear. 
Deer, Uorae, and Ox survive in Britain. 

Evidences of severer frosts are found in the 
broken rock fragments, and of periodic floods 
due to molting of the snows. The leaves of the 
dwarf birch and dwarf willow are preserved in 
clay seams, with the land and river shell which 
now exist. 

Ab hunter or as husbandman the rude fore- 
fathers of the British people left in rock shelterB 
and cavoa simple works of art which show that 
people had gained a primitive civilization who 
lived when the post-glacial gravels were formed, 
and the influence of glacial conditions was still 
felt. 

Tbo dominance of man over animal and plant 
may mark the beginniug of a new geological 
period ; but there is no gap in time or change in 
life to announce the human period, or to dis- 
tinguish it iti kind from earlier epochs in the 
story of the Earth. 



A 



